Studies on the Cambium of Bombax Malabaricum: Development, Structure and Periodicity by Khan, Pervaiz Rasheed
STUDIES ON THE CAMBIUM OF 
BOMBAX MALABARICUM: DEVELOPMENT, 
STRUCTURE AND PERIODICITY 
THESIS SUBMITTED FOR THE DEGREE OF 
Bottor of ^i|tlo£(dpf)p 
IN 
BOTANY 
PERVAIZ RASHEEO KHAN 
DEPARTMENT OF BOTANY 
ALIGARH MUSLIM UNIVERSITY 
ALIGARH (INDIA) 
1984 
T2754 
In the Name of Allah the Most Gracious 
the Dispenser of Grace 
THESIS SECTION 
"He (it is Who) brings forth the hving 
out of that which is dead, and brings 
forth the dead out of that which is ahve, 
and gives life to the earth after it had 
been lifeless: " [AlQur'an, 30:19] 
DEDICATED TO MY 
WIFE 
AND 
PARENTS 
GmtlFlCA'SE 
Certified tbat thfi ihmi» mtitlmx •atudi^s on tiui 
P«rlodieitar* mbodim a iiouifie res«aroh WOKIK oorriad out utidar 
ny «ip«rvl3ion ^ l^» Fwnrals H«ah««d iOien* Uo part of this work 
has 0Vir boen suliaittad for tHa award of any otbar dlploaa or 
dacrae* 
ProCooeary 
Dapartaent o£ Botcoyt 
Allgciiii Muolia University» 
Aiigarh* 
In tb« praistt of Alaiigbly iaxm^ tb@ ^mMiicimtt 
Htreilul • iijho ahowttd 019 the path o£ rightsoutnofia and bl«sa«d ma 
to gat tha straagth to «abani xipon this taoH oC paaplag into raaloa 
of Natura* 
X dewa i t a privlloge to axproaa s^ deep soaaa o£ i^atit»«tia 
to Prof, A»K«H* Qaouae for his bflnlgn and siilUul guidanoe through-
out tha couroe of this study* 
A grateful aolmowiodgaiasnt Is meda to Profassors /.»ii» ifUisn 
and i^*ii«H«K» AfrJUU« tha fonaer naiiOs of Botaoy i^ eportBit^ t of ^uiUU. 
and to i>rof« a*ii* i»ax«Qai tha prasant Chainaon of the i^ partiaynt» 
far providing naoossary laboratory and Xihrary faoilitias* 'Sim 
f inaneiai assistaoea raodarad tqr C i^t^  t^ sw iJalhi in the f ona of 
rasoaroh falLowship i s groatly admotriadgad. 
X wish to axpraas ay thanks to rTof* itoor /^sol oX '^^ achanioal 
iiingiiiooring Dapartasnt* A«H*U, for his haXp in solving tiia aiffiouXt 
statistical prQ4»laa8 and to tha inaatas of Coo^ putor Centra in gatting 
tha data «naXysod« 
I halve no words to aa i^rass nay gratafulnass to ir* u* iaia 
&iraanit Tiat Diraetort Cantra for ;itudios on ^ianoa» Ali^arh for 
providing aa unosasing assistance and ^noouraganant daring ay oruoial 
days* X offer ay sinoora appraoiation to jJr* M* Xqbalf i<aoturar» 
BotMsy D^artaaent for sparing his valuable tioa to go tiarough the 
AtfBUSOript* 
X also sppradata vitii thanks the rewarding efforts of i^r* 
fisyoed Abmod in aiotogrcgiiy apd Mr* Mohd* Athar uiaraat^ for typing 
out this piece of work in its present form* 
Last hut not ttie leastt 1^ thanks ore due to my oolleaguas 
asKi trUsidB especially to Mr* i^• ^ alahuddint Fareed A* Khan and ijr* 
YuBus Khalil ^insari for tiieir help and kind oooperetion during tnis 
WC1^(* 
i ^'ervais aaflkwe«d VJaofi > 
i^M 
s t ruc tu re o*" adul t can^itKi 42 • 4^ 
-eveiopiaental choAofeis In Ui^ s t ruc tura o^ % • 117 
Vascular cau^iuir. axkx i t s de r iva t ives 
i ccro&s tile ada l t t r ee tTLSiK /6 • >2 
/jLonii tUe t r e e J - . - 1 1 / 
Correiatiot^ a&udies i l u - 1 ^ 
i 'e r iodici ty oi caiJiDiuia alia ioreiaticKi oi 1 i J - 1 4 J 
secondary t i s sues 
A*oat,QVity oi" phio«a 14^ + i^ *u 
:u-tiatioo botveoa pbo^ioio^ ana 4^ *owtt« 1 4 / * 14ci 
y» -;i;>u'U .^»;>iv.ti 14a> - 2U/ 
Formation ana aUr-uctui e oI c^tfibiuQ 1<*.> - 16d 
-structure oi sscoixaary t i s sues 1 o ^ - 1 / 4 
. . i l e c t o£ aga on cai^ iua and i t a der iva t ivca 17> - 1ti7 
CcHrreXation atudieB loki » ^J^ 
per iodic i ty Q£ caw^iuia ^J;^»i>^ 
/Syiom anu i^iiioeta d i i i e r e i i t i o t ion ^^1«2v^ 
Longevity oX piriioea . Qo • i.a/ 
Vii.i>ibi.iU*i\Ai-iiY 21>-e:l>J 
Vixi» iiiwi'0«/,'i*A'i.*-.-. X • XVii, 
INTRODUCTiON 
1 
mmmmm 
l>aisil)le for thia eoatinuous girtU ittcroose of Um ^^latit i>oi|y« 
thlA lateral msriatoia i s toroed **VQaeular &ar<}l>ixia** or ai;^!^ tlio 
tiiat l ic^ b&tim«ri> and i^voo rid€» to» aetsusidxiT^' x^i^a ai'id o^ aoaci* 
1964;* In a tfcu:'0c (Wammiisxuik ^Uw^ casMXim mtl^Ui oe a iKmtjymjt-
oGfioopt thfit liMi oct^ »^iu£3 i s a sla^iXe t ier a£ eol ls u^ L£<»il 1>SUa«b| 
LittXo ^ J«ii£»s 1900| BcrXyzk 1902)* l^m VQaculai* et^^iim la nor* 
ceXlot tbo oJUniiQidd £u':iifQre isiitioJ^ imd t^^ pi^ c^ «»' i4 i^^  ga^o» 
vasoular tli»stioa ii..£)«si tjii^ht VJ^^&'^m ^Mot gsrvBoat^fJu^ o^t/fmlUitQ 
t 
prooac^iiya and tha t i a rei irescnts a £sorist0£i t>y I t s o l ^ * i.are«o 
iiJ'f^t 1J^>^> itas p3EH^ ?oood t i ie ta ro •ac^teieaQ^ium* ta Bubdivide t^io 
proea^iusn i n t o ^:jrooao&iun and i^tafiatal^di^'j* il@ oia^iiy roc^ i^ ieod 
an eaaaitlaJl t r o a a i t i o i i a l s i a s o ^ t b e ps^m^sMxm • ^eioeaialitium • 
e a ^ i u m eoeitinuum* 
irit£drn:iQdal olan4,atiQei i i^ o iU ior nGQac^nsiiiid ur i^x^iKiictoiy i'oJU.oueu 
grmrtiih* ...^urpriaiosiy x^^ S^T a l l t t i a re^ea^t'ch ^ma i^-^^ uKia<«i'i;a^ <^aii 
t o iioaeribe t^io priiaary«*iQCa'idas^ t r ^ i s i t i a i i s^^ Mi wic- muaxs, t i i a t 
aeiti;nd i t (Larsoi 1;^Da»b| i^arsoa a i^o^fff ida 1/ f4 | x^oi^ ^^ai u 
uoXf inot 1^1} Cofi'iiAirt 4 i^ar^oi 1 ' ^ 1 | iJLci^ania 4^ i^oraa^ l j a 2 / * 
f^^MTUi pa t te rn of ruslCoi'^ iu') iriitX:]JU}f tf-ie in i t la . t l«e i oi. ae^onckiry 
rayst Q ^ ^ ^ ' di jr^cVQntiatioa of sooondar/ imscular etieiicjti'^* .'i^ t 
t i io torrJLsiati^sn o£ iott^^rs^odkil £^''owtti» tiauuiSiS of tliC jrXuar^ bocs;/ 
g ive way t o tliOa© osf t i^© secoiidaiy l»o«ly» uanaluarawiii oirerJLap 
ocN»urs di^riiMi ti^^iio tr@nsitian« |>as:'tloui^^Xy isx tc^e intmitM>da «)uf}t 
undm^galn^ itaturatiCKi* <«onetlieXe£iSf tioGuas at Ukij a&CvAKjuury bud '^ 
csaintkito 'ootli d0V©i.©|>o0nt.aJl mm Xisrjotioaitai e a i t i r m i t y wit** taoBG 
o f tha iJria^ry bocly. 
'd 
darivatlvds vary either In ioto, m^ ^uaction, or ratii ai i^HkiocUori 
a t d l i^oroi t position in a trco» ult^ tiia om ^ tiia treo» otia 
with 80&8<in of the year* M :j3Qt of tho ^J^it^ Um oa^ i^iMii i s 
r©i;)«rt«tl to uDci^rgo auoc^oivc active £M3^1 doriraoint ptia&oa during a 
growth jreory vitii a i<ii# eaeooi^tioi'is ai^ ioog t l ^ t ropicai s^ooi&s ii:i 
irtiic^ tlio c»ritt«iaatl6 ^ t i v i t y oX' tr^o oa^iom cciitim^^i a i l tiio 
year nModm 
Bo^iaviour oi: tiK> caiiii>iuo io roe^^^to>.i Isry ccnroral iyitaxtioi 
and exu-iTRaX Xoetora ^lioh IticxiKic Uic itaredit^ fronfititut^ori, 
p2i^ftioiOi;ical i^lMinoi^ aui s&vl mwitmiismvtal cauU-tlas^ of 'U«i^  l i ^ i * 
tata« I t i0» tliucif intai^oatiiic to iiiVisa-ti^atCi witj 4£a:xaasia& o£ 
tkm difi'orotit i:^ iy£}i&u.& an^ .. cJJU'Jatlc £&i%-^s-u mi coixilal c>j£i8tjr*ucticei, 
i t s aotivity &nd dX£t&t0ntlatimi. o£ siooocKkuv tij^^uo^. 
Mtiimii^ii thore axiato extiH'isiv<5 iit<»*atLss^ oti "ate cmiiiiuia 
oi' teespsf'tite 'apecieSt IdiiO osristoa i s yet ta oc- j^at^ OiJoriy QUMHOH 
ia ti'opiiduX iMum* utily a iow» cnit o '^ Uio i^Qat io>t ol' maiim t ro* 
p ica! ti*Guii» have so im" oeoti GaJ^ siorod wi'ii^ roaijoct to Urn vasCudU:^ ' 
oaiJdiu% i t6 8a*yctarot 0m:^ betiavioar ia'.iOiidiituryy 1^i>^»lj4Uy1ii>"/, 
e t aU iy/S>| Uiouse <» ikaaiimi UVab, 1^ /jll>» 1 J 8 2 , Ijtiii ul-iouse ot ai« 
l;iSO| AJciy«* «4 i^i li^tlSiitb,©} <ia0 u ..ave tM^^hi ami iurtiior ti*e 
Sty4i£kii» oakxieu out ir^  Uiu £)€Mit IIQVO rwt litxja sulj^ eci#t*d to »i^ 
therai'isrei hoon «Ridert8i£ai in artier to f i l l t^ the cxlatia^ £ ^ 
in our IsMKrlodi^ e ab-out tlm isode of oooDial aevelaijaont cgia iU. 
bi^ianriour i^ i oio oi tbc troi^ieal treas* .oio work Oeala wiUi Hie 
o r i g ^ , deVQiopaosati strufctiire mid periodicity oi' ii^ o vascular 
'Ik 
ombium la Boiabaa taBlaS^aricya UBC* , a t ropical aip^ieo c£ i^ornio* 
ale i£%x)rt££ioe« 
A large iiandao&ie dooiduoya soft^^foodoa treo witki a a t r a l ^ i t 
buttiDsaea trisiic and lihorloa lirs i^ck^ea witii a 3^>reajulj.i^  curoisi ol' 
15*25 a heii>At# Bax^ auhy groy to |>ai««"bri.»«i| havisiG i^aru asjcl 
slaort coBiieal ^iofciea on young ste^ai ana bra»iciic«« *-'io¥(^ nj largo, 
©rifflscn car yeiiowisi>., on short t^^lcii pe^Uciea clueteorcyl tu^orus 
tils €2id^  Of tli@ t^ T'sneiioo* 
i t iB ooxEaon hi fareats oX ouU^ Ui^iolayas i^Jt^ i<^<^ Xt« 
tmd throu^iout the hottca* ports oi Imiiat '^^ uru^ ;^ia ujyiti&if aiao 
i a Java aad wUOQtra* 
' ^ e Qttidy mainly mm^irXQm oi Uie jLOliowiiit Q3j,.aot3« 
1* y r i ^ i i»«l 3truot^a*c o$ vaaeular o&c i^iua« 
2* jeveiopiasmtal dimigeB in tli@ atxHieture oi' Gmmlu^ ijm iUi 
desrivativo t iosuss in re la t ion to ss® a^nd iioi^it ex tiis t ree 
aKia« 
3* CorrelQtiaci 0tudi©s« 
4# ^•ericjdici'!;^^ Q£ cai^ii;ea cgici i t s rolatioi»aiiip witii .iMSiOJuogiccU 
oceMitic^iS* 
5* <ii£^(Br€ntiation of isocaadary tisouoa omk Ita relutia:u»iiip v^tti 
lahonoiogioal ocxiditioaa* 
« ^iynonya i^ixst^ f^^bp Uiim* 
:j 
(2i«rtl3arR ^tato oi Indiai in Mm iT^rtilo airi«3Ui1aurai aroa oi 
'rr^29* 1. uTKl 70^33* ^ longitude* I t i s a^rrftniOofi by river uesi#& 
on i t s Ii«rtliwba3t ami li^ <Jsi^ u£3a cxi ll<K*th^iea^ ataretobiiii^ ^ in ..^ ost* 
wost dinsQtl&n al^it 7^ ci$X&a (mi i'rcxa Ikm'tu to ...^ latii «or mmit kj 
i''l^&ie^.'.^.:^iioally t ^ or^a oimsiste o£ vaat aliuiriia pioiij 
havlot, i^ i t ie ai@pO0 i'r<x3 tiiartb*-'.;ost td ja^ t^ >%....ast« '<klia ^#k.'st 
poiat a t tkm oarfaoa i s uliout u40* aiKwo tiia aoa JLovol iri tiie i^ oi'ti** 
i^eat arki about (»22* on i to 0ai^-iem l»ociri^ ar« i t '^m.'-DA a pert aC 
tl¥3 i c ^ ^ piain \fl'Ux»t% id 4&prc'Saioti Iseti^ i^ oii tli& IU£ialay.a3 in tijo 
IJortti ceifcl ^m JCK^Bctfi piataot iQ t i ^ i>()u1^ i t i& £iiJUKi vith aiiu* 
vluo laroi^^it 4(»^ Ijy lii^^aio^aa ri^oi^s* ^opdc^ '^^ -iliieaii^i tite u2>.i-
t r io t regtemata z. t r c u ^ IJUss ai^ i^ ardt'^ ^o witii lOi^i Otj^ ^^ DI-^ . 
Jaouna at tlia extrooe rios* 
clioaw i^itli i to oik^ractoristie a&^ s^^ on&I rlnytlio eioriJitKl ^ iiot^ tlif* 
!4iat oTiti Li<ititi*-L-#3t laonso^fjo. CllEiatiOQiiy^ a jaar ©o^-* ««j oividciti 
into tnfo ooaoona vis . Juiacaa* ami ..iatoi*. 
6 
Hm SN^a&t sdc^cNn begJUia JLri l-larcii &^ Gmi%Xmm& tXXl 
uetobex"* I t s bo^^xxnixm ^ marked by an 3|»preci4il»la r l ^ let tc^pe* 
ra tu ro ^ i d dearaodo i n prosnure* 'Ihe tsonthly aea» t^^pora^^ire oi 
Piax^i hi the yeaTf 19?3 i d 21^0 MixJUtli ra ises t& ^Q i u / ^ ^ i i ami 
33^C i n t'ioy «»d J4,a^C i i ) <Mao» 1Su» aonths of Moy aiKi Jua«« t^iia 
roeorct OKCttptioa&Uy Mgi i t«i^>eratura (Xal^lts 1)« Xiia tkiys or© 
oneractoriAed by in teeu^ m^t os tD@ 4s^ -imiimp&^^m rocords a/^  i^ii^i 
as ^^C« /vir i d cpitQ <'jry ana t iM luuaiOity I'aJULa as low as d^ ,-^ -
( l iable 2)* 
j;£t Ui:.' aoooer n^mtiio t)ot«>i.iry wind o£' :^ULt.,li v<@ioci1;&' iimi'c;a^i«s 
l iours* I t i s usua l i ^ Oaiki i a niiy^it si^ U iVgo S /.•«;« to 2 i"*;.**! i t 
iner@£ji«8 ro i i i d i y osid doi i jo i ; tD@ n@Kt 2 car i h ;^^ iars i t ttioi^s aicsoot 
w i t i i t£]U2 £oree ot' s ^piie a»d l a t u r i t f a l l s agaisi rai>idiy t y o <. v^.* 
i1iOi»e winda arc iocuUj? oaxxsa as •JU»a». 21*©^  ihjQ.mm ax^^mmX^ dry 
a»d jbtat arid t>ioir wi t t i inaroasl i i^ ros^eo t i i i ttm ap|M*oa€u^ oi' UM^ 
ra ins * 
A i ^ o u i i a r i,j|:k»iaQati«n ol: l^t«>wadtl:fc&r«-Si^^oiii i s tid^ &ceyjn:*ef;iac 
of ckiat cuia tiiLiOdar stcnrtM c-^^^e^i by oanveotivs ctui^{^4t^« l l iey 
a®jiai iy ooctiT ic]i 1;;lki a&tgrfiacanLy i-jiMsn tliis a i r ^RyvotMtfit i s atro»ii«at« 
Xhoir £vn-^^myeiyi ai>a strsri^^tli ini^ersasa ^ i t i i ^ .^^  adva^iioo ai ^icasco* 
Foi lowin i , sucii stcNHiiiS tl ie a i r t>&c«Kiies coo l and p4,^avidos '^^ia^^ttrary 
TQ l i o i i'j'CKs t i r i t i g i ieat oi.' U\Q day. 
• ; 
i 
Aticaro i s t^miiiro.'.l;/ ao raiii oi^vmi, Uiij aiU'iy isu^ j^um' .ritwitii^  
exOv^pt f(^ *dm saaiX epcunt i^^ i^fOli i s bPif^i^it l^ y 'Uio li'tiXM'Oor stu»ias» 
i t W-iim^ a euii£)lote r#ror&aJL in Um a i r iiovoikitit. ;^ a ratsuit* a^ 
I&uai4 oceanie ourreat ^ ^ i n s to l>iowt wliioli in tora yrin^^a rai(^« 
Ju | ^ miilo Sto ae^aa re la t ive iJoiaXuit^ isyts!tmm&& irm& «5u^ .  Oi. .4ii^  tA* 
ai,^ iC'li July (Xo^iG 1 Qfl^ 2i« 
'ii^ 'iQ tipa Qi' tl]ia oad0t omd rot roat &£ Ui^ ammoim vori^a i'ry^ 
ysiiT t» yaisr* !Si© raii»a t,criorai-ly se t l*i by ciXa %Mi^ rist^  aoritlnue 
t i i l tii© esKi ol" joptcsi^iar* i t ia in tmeaQ lioai^m t&icxt. •ui^.i^h 
rscoivcs fjQariy iCfc- ai' 'iotai ctiiiwcii ra in i"aii» luis i30tii*.JLy a i s t r i * 
tutlcm oX raiat 'a i i thnai^i^iiisut um iioafit€«i i s a©t. uiii&^nii. *i*e .:*vKit*. 
ojf Juae rc-coivos an wforiM^s r^MiXall of 7.2 cci» lor July af»a .iUi^ MSt 
i t figaoaiJta to J3«1 «a a&isi 3 i^«a ©ta roaiseotlvQly* .UIQ 0.-0^ **1 a-
asM%&Qi r a i i u a i l fciv/xioraily rsafi(;©s iroa 7 ^ 3 •» It^Jt^ OLI, »..y j^|:>-ta3ijMS»i:"' 
tlicro i s a tsatiied doere^sae hi raiii-Jailf xsrti^ i UM.J .j^orat^ ti^ juos to 
11»3 ca ( i i i i . 1>» 
iiy -Urn G£Ml a l ,.*>"M30r» y:^ iuaici csorrco'ki a* ,>iJuV4 /est 
acmsocin QTCJ rai^flacoii toy ii-to dry ooatisimiial wiE*ui>» .ay aJiU las^ tiOf 
t a i s i s a £Joriod of triaiJiaitiCKj fra-^ t*et 'i© dry weam..;r» tfaiai-ly 
0 
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FIG. 1 
tiiia ganacjo ccisitl£iu03 -till Uio QtMi oi i-»ovealKir t-'^ e^ri iiic Wi.oia cu;"w-a 
ceases ui'teic^ the ixiiMxm^Q of a i^iii* presaur© t>eit wtiicii OuvelOi-iS 
oe^r li'K' yiiOlo i-^ortii liidia liae t© low tisj^pe^afoi^e, iise uoi^ix^iiiitj 
itt JeocM l^Kar* 'il^ t<3si|)<Hratujra tarUvixp £aXl9 in 4e^MQiy to 1i>,6 u 
roiativaJLy was^» 
itiO l^ir@oti.Ott of tlio wJUida ika:*JLi'2& '^iut.ar i s l:ra3 .eijt a^ j4 
.•.o-rtij-^Hiat t» .-aat a^ ia J*xit2i«\*ast« llm ^iiiti i s vi^^/' lii^-t isid &iow£ 
e€ii«*rQiiy a t or* avttrai.Q i%m&^ Q£ Z »silus i^ «r aa.ir« ..ii4C€ iifeiy crf*o 
ccmtifiontai in QvUj,i^% "Jiay os^a mmtXy (ixy^ oxoo^ t^ Sov a ^mil 
sm&aat a*' ruiii Iwoii^it l»y Uio oolci veatl'Mir atoiirsa* 'ui<i a^ sy i-'er yic-
ut^ arcss and aaiao i-^eat isj^iry ta tii© ii^rmarini, piaiauj. in 
sun cyria iK)t ^^aUmv aaton b t^^ i^^ ^ i^ '^  »iareiu* 
4.iK:' s o i l oi' tiiQ d i s t r i c t i s aiicaii^ie :^iii^  i t is divjusil>i© 
inta tu-a txroaa ceolOi^ieoi aul^-aiviaions i*o«» oki mi^ nmf ai-kiviai. 
*hose aui is HXiXor oonaiauraiJly ia tiie teHture muk oufuiGtei.aSi'' 
r;.-5\^ iii£i At'ai sarisis tl8ra;4|>i iuc^ ;-ia ceid s i l t t>a Imav'^^ ©i.Gi^ '- t^ a^v iii"'e 
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i i io c^aJjfiQfi^ i n t t i i s t r a c t i o i-'<><«^  a^ *"^  •^'i "^^ z-j^jsmomi £-*oiittia, 
ciaj^-oy w clEs^ts^ iooa i n t o r t u r e , a ^ ciesy coat<ait i a rjo^;*aD a t 
%hii top caiKi dsejfoaooa w i t i i cioptii* I t i s iji'-0yt aoli-i.*W os'- ,.iarfe-t;i-'uy 
iin Qalair^ tan^liag to laJlaCK %iti< i^ no la t * 'ikm ^-oor draiaa^^io rocsui-t^ 
lona of • i .ol i** j u r i n ^ tl'*c por'iod ok' arttAt'^Jt» tiio t ract r , ,,AVQ •t.iQ 
.Vif-K . L.,. : - ,r': 
A ;M C: 
METHODS 
») u 
oiul pldGod in oootroJLlod eoodlti^^is* il^e top ieavcss at oocti se3ai.ii~ic^ 
MQTQ oorltcMl* iSi^ i?«r@ loCt undm' tmaa cmn^tlmm im- %€&i n&MSi 
untJUl a t leaat fiftoon m^ InteriicKk^a liad dcrvaJLai^ od* .^ t um uou oi' 
tcm-tji woc'itt ttie jUKkdiAS si^oo%& wuro ro^oved i'ra;» octcsi. s^ii-snl, ark. t*iO 
the dUtiOlsare ol vaoouJLor oaQliiiio ^xl i t s uorlvatJlvo tJusstiiiSy U;o 
se t s of ^ivo ts'eos* ©acii oi' ^ ytaaro o* cj«^ 3i>ar£4iwiLa 0i;iie mKl v4£;<iur 
tfore aoXoctod i'r<;>ti l€»ayk plcs^tatlotw "mm ev>iJLdOti.ona w^ro aadc a t 
aii£mrmit hoi0iX iovcXs Xrcr. Um basot out of t.id ^ii^&t aot a£ !;> 
tr@@a« Cas^ijaJL &m^j^,lim Ua^jsi'Umie' vlt.. ooaa acngmQud m'vj tuarh Qi k. a^< 
a<|uorc si^e* i^re oailactcd oAcK't^  ttio ta^uiili a t oiiUit dii'iort^-it 
h o i ^ t IJVQJLA ujsiiig a cliidQi. oml hcp^aery tr^jip aU. Xd^ ^xvo U'^ eos* 
Ca^abial suDpJLaft ami wootl Ui^ to tiM pitht ^^"^^ ^^ -^^ ^^  &ai.iac;t(xi 
gut oi' tliu aacuDd 30t of !)• tdsoa Xrufi ti3e oain trtiiik a t oboist 
heiglit (ai;>praKiaatdly 1«S> ?a@tars Xraa -feiG igrouiki;. ..ii^i^t u^'ou-im 
Ijirtti were saLectod* C«tfablai SQSi>lc3 t%,@tiiQr v/itii aaiJ%K^ oa atssi 
bstrls tmar© oolXoot^ul as 4oscrJi»M ai>Qtro a t Oi^st liaiHb'^ it ^Voci Oudi 
4 
^yroup* AIMSO® eoJUoctioiaa waro aatio <«Uy cuaee ,*.rinc -tii*:.' at*^ cJ^ -
cylleotod oa ao£K '^il>eKl amwQ irop the uiUii uuDlijii a t oii^ Mst i^oi^/it 
a J^orAod «t. tlireo ccaiGOOu wivo caiomlor years V1JY J^> 1 / / / -.-5 1.//ii/» 
i:'r;Ki Uic- £k»^ 0 laroe liofo^-o t^ iroxg i£io«itlifi« Care yoo t(^ '.«^ a ta Cvl^cet 
'^ ^^ o iQmiUar a^vxitQ were a t t into irnkDn'toOal Xecx t^r^  iJUoti in 
yf UiQ i'iiciiig fluid iiito t*w deop l^is^ tiaauoa* iaic3i:';-i»«ial i>io«Jc*s 
were iQtt: '^' jpresorvo4 ia 7C*.-> Qtiimml cuttar a mjisiL* 'ilioy woro miiOiMl' 
&ii in paraii'in tias oJici oootioj:ieii a t a ti-iiolUiOat, '<ii .w>«»1-*/ttij •«* t. 
rotat t^y i.'derot4soo* iiio l£itt*ii'jr»€«k«3 oi' socm oi' yk.- aaoata w©ro out 
i a to ae r i a l Im-teitUid^ijial ooctioiia wiiiia ^Sronsvorao sec ^icsis vforss csut 
£raa Um aiaolo of' COQ1.I iiitcsaraodo iron oti'^ cir m-Miuta* '^ iio l^arei^ c^^^ 
1^ 
BiMoB VM^B 0tain@d in Sofronia ana Fast &rmm orta a/mmtod i£i 
All Urn ami&3>«m eaXloeted ^«r varimts ffutrifoa^ W^P0 Xlx&d 
to foXIiOv the <linroiO|ii3 i^tai. Giio»ies in structure md perlo4ioity oi 
vaacultfr 0€eilNku% tlie aatarlold wore seetiosMKl on & iieiobert $licl» 
log iiiiorota^»» at a Xhio^i&&& Q£ 1iM2Aiis In '^atisvans&t toci^^^tlal 
XtMngitudlnal and radiaX longitudlaaX plan^i* ilte ft^ctiami w<^ e 
fitalnea i^ i <liJtX<ac*o£it coc^iaatitasiis ai' atainat OeM/dratea in etl^aaol 
i'\yllo«rXi)g ^taMm la^re u s ^ almie and JUi ccxsl^inatlaii cl«;pa»dl« 
ing on tile par^ >osQ o£ tk^ ie 8tua^« 
Ui f^ te ii%^.,tf t r t^ 
i l ) i:aniii« aeJL4«i arris otilorlito i^'oster 1ij^>* 
1) lieldQDhftins lla«iaataxyllii<"oa£riaaln (Johaiidoiit 19^^» 
il> 4ioiaerdaalno li4£Miaatcix^ llxv«<iilai%ir^  IXEHSWI CJaliet^ is^ it l i^j)* 
l l l i '^aonlc cieM«t€tn'lo ohlixriaaHaor^ld (wheitille ^ j^« 1-i^ i>* 
In 6d41ti<»i to alK3VQ9 1^ /sotrti l»lu« xor mao^ratt^ slcnre 
aloBiimts «r@rtt als« u8@cl« 
tod uaiog auitabjl@ d^sai/aais* 
Bai^t i»CK^ >^l@^  W€»ro cut ifite tt-ida t ans^ i t i a i sXiooJS of a*^ to 
1 iiaa t<ii4etuiess £ot saa^sM^tioti o* sieve dliiaecits m»i pmoon f il?ros» 
tbdd« aUc«3 were ^sat&d irlth ^ > llaai aQMUnaa a t 4>«i>Q\v £aiJ^fi^-
iiig the fnotiiod Ooocrib^ l>^  uiioaa© jgl j j ^ (1//^/« *ti« ti'-ea'feieat 
wad omitiaxisa till tim hmk ecm&mtmktB ii&QQm& so i t smd separ^^ic <m 
a ftiidd iritu a aliglit pros i^uj:*^^ l^iimi €^ :j|»14«di tyy^r Uwi cuvm* ©lip 
cuftar taeuntiog in %i ga^r^sriiui, ll)« aUei^s wst& m%»lied md stained 
in Mtr@yUlue {%^ acpeoas 8(»aut^o»/ or i.&smM, (a^ a^oous 30iutiaa> 
i a ems Q£ aievo ©im:*c«it0« ^aiTnisaia woo asod ioi' 3taii-iiiM> •s^ » 
til^ e vee^GjUi oM x^l^m £i3ixr&» ii^re @ikOerated follotfiiig t^t« 
i^l^iod dcia6ri}»Qd 1^ Oliouse m^ '^iiua i1'^a>>« -^ood s£i^i>ies wm^a 
cait into thin al icos of 1 i » tLdG^to^n Ui tuSt^cmtiaL piat»@« 2*^ 
vex's treatcKl witu i)ot iii^^ oi 40 por o«mt oai»«Atr&ti«m and potQ*> 
soluia c^^iorate* 'Bi& parti«jULy aaoeratod sii&@3 wisro ataJUiea in 
iraa«^aaua !i8«Qeit<BEyiia and ^eSrtmi^/uSamx^t broun ami aouatea iri 
glSpeeroi* !£lie Oii'Xcreiit e4diae»l^ w^re 8@|>arat@4 witli tiia lieip o^ 
ft liair of ri«edioA iaefai^ iJ^wittitti: or ajit^J^itig pruaaure oif^p tlie 
17 
,4- > 
puTi^ ofio Hi ata4y with tkio imip of a oiero^et^r iseala* i^iaber oX 
^30 r ^ Is i t ioX uni ts a£ irarylng i)Qi£>lits \tet^ oate^orijKoa 
f o r t^ie sith« oi' coiiveaaii^K^ as al^ort i1«»1!> oe l l s i t oadiui^ i1^«3^ 
oe l l s ) ajid t^UL (a j^ovc. 3t^  ^Xla># i3i^ r«iy un i ts of divorso tiidtbB» 
<m the ottitir iiaiKd» W€r@ oXmaXSiM m imia^r iato* bisoriatey tri«* 
seriatey tetr&s«riatd &Lid eiU,tiseri&te» 
^(m ccOouIat^a oa tiie tiaais a£ the area oocupi@4 b^ tiieia izi tt^anii@6* 
t i ^ i f t as wai l aa io tas^Oiit iai iQagitudiaai aectiona* ^ or t i i is 
puriKtoay ocKSJura J^eicla -ila&'mm WGT^ tlrasm cei l i la in r i ce pcM^ to 
dfliaareata ttse out i ina of aif£<irant oiaeienta* 'Um parwicma l^ftfrin^ 
th@ dreMinga ^ tl»:i c^-^irad aia^aan'to \«@ro i i r a t out ^.'ni valt'^^iad* 
fha port i iK^ €igataiiiii3ig Um arooa of otiiar eX^ie-nta w^rc mii^ia<i 
la tor* 'llie r a t i o CKT and t^pa ai^^imit v i t i ^ raa|i»eot to otitara in oa i t 
araa tiaa tiicii calciiXatcKi* M^e mt^e^i^t ^oa i a ^ r cahssal&t&d <m %im 
boaia otf aiM^piaa ooilaatad* 
l o 
l lm data coil(}Ot@«i rosariling tmi dl f fcyrait asp^ets m: atdii^ 
(s^ f^a#* ' ' i ^ ^ Qoan was obtaiiMKl by i^Mins aJU. tti« o^a^'vatiims 
on a psr t iO i ia r paratastiBr a»d ti'H3!:i dlvi4ijag i t bjr tbd iioubcr oi.' 
ol»3«trvatiQi-)e» Xl^ tla can bi» oas^c^asad in tim iwm oC a cistfioaiiticisi. 
ic^mxla as 
mmtey sa « .ji,juai3atlon ctf a l l tbi© ob0<:rvatioii3« 
«•» 
wto^idiard dcnrieitiai wm ealculatod %;itti -Urn imlp oi' i'ali.g%'iii'j^ 
f ortamla (arndamm^ e t al« 19 /^2) ^oir QQQh po^ramotott it i^ tite 
pcmitiVQ scpara root of t^^ d(Vcroi,e oi' oia oi: stiic^ro oyJ aeviat.^a;i 
oX a l l cd»s^nrstiof2a frc^a t lM l r o^^ri* 
2 . 2 . .'1' - 2 '""^^'l-'a •' •" ~~^  ^^^^ 
v a 
wiaera ^ x^ » it^ § Xj • • * - - x^ ^ are oli@«rvatlona 
19 
oy8toa« JjaataliflKi a t Hm coapu'ter oeiitre of tins uolTorsit/* 
k^i^a^^4 4t - ^ 
I 
f 
« 
» 
t 
t 
f 
* 
ijata Cams 
f 
t 
t 
3 p hj>j4 
•^/d 
h o l i ^ t lova is , iJUi2^>GS' a- Is'eQteieiits was t^^mi t9 in 
t iUrd act ckJL aaiaplas i^tmro ttie oltsarvaticMi WQ£I toi&tm &t iJ iMa«^ 
l i i the wood stoFtUiQ, £rQCi oms^ium at a UPLstaiieo o i 2 oo oac^ 
i-'urtlMtr» axs^mr t ^ treatocm^te aMX^rea for the 4^at.irtli oet i*@« 
p e r i o d i c ^ ]S'&i€ly cK&co l^niv, ta t,.«e n@€Mis of obsonratioiis* ^Mm^t»&i' Q£ 
uit lUw*UI i \ ^ (1^ /» i%^i\0^})p Aj i luO/n A^i1^A<>f iVi l 'J^yf .^(10w/» 
i> 'i«Ali i 3 » t y i i ( / i | i A j » i ^ C i / f A^iX)t ^ i ' i ' - ' f ^'•r^i^h '-Q^^H 
t^' 4ft»i\i 
wii^'jA.* 
. x i i i A ^ 
/Jui's^" 
Jrf" 1 'iMtm 
fjkjttt -^Tv-t 
» 
• 
•1 
-
m 
m 
-
m 
%16f 5»0> 
a* a 
y«0 
o»a 
%^«a 
a«o 
<j*a 
U*a 
ii^tjiJ 
n 
•A. 75 a - 1,100 
/i^*i • 
/«>«& la 
V • 
^%^ -
1* 
/»^i'» * 
/ w i « 
^ K , m 
^' i4A« "I 
3 J M ^ • 
«JU *»/*(» •• 
"^ ' ' ^ ' ^ «• 
^ H A . , • 
J i i i i U • 
/»*4ii> 
A^U) 
A^(K> 
'\i*'*i 
'VM'-) 
Ag i^^ ^ 
Ar*\£i^ 
%U^ 
.hi'.^!.^ 
.U" *'»A^ 
Ji i ' iA^ 
.L..A^ 
JUil/t.^ 
»il.'i/'!(,-. 
u 
7 ^ CUiXiivU^ 
•b 
* 
• 
*• 
• 
•• 
• 
• 
/UKi 
A^li 
AJk 
kfK 
/%.*> 
A^K 
A«j^ 
AgK 
C Mi « ^mm. 
• ' • ' 1 • 
wjAp » 
. A 3 « 
- ^ • 
• ^ ^ • ^ * 
^ ^ . 
^ ^ -
- % « 
a«o 
i^ *0 
0 , 0 
0 . 0 
a«o 
a«a 
0,0 
0«0 
4iO 3 ^ X IK l y l C ^ 
') - i 
*»2 
3 
**2 
•J«% • ^^{ii • -:./^u" »*: 
a>.-W ••• i»WCl> • i^f4^ •& * * 
*-^ 2 
#»2 
**2 
an CU^'ii i i i. i 
78 
i^iJii'"^,| 
«^i^p 
ooA|^ 
J j i V 
Wii/V; 
*iiJiA« 
fc>4-*?^\-^ 
•• 
« 
-
-
m 
m 
m 
m 
iaHixiil 
;iy*iX 
'•J^iiit 
fr^Krii Ji 
>i^-.!i4"* 
*»--^Vl 
-ijijijil' 
e>i?8 
^.•H 
>(U^U)i A2^ '^ »^ AjU^# A^U^f .^U>» A^U#» 
i'^jiljt 4 j | i 4y ip I w l f l U O i i , /i^rlf A^i'f /Vji1» i.^i-tf <V*.f 
•'"i5'^ '^ » ^'^'^'h *^i-it *»^l^t -iwAgf ak^A f^ -*^*Si^ «-'-'iV» •*»^-'*,t 
«->«!*. »iy § . j 11 "i^  J 
2^4 •i
U) ^i*#,-^«ii» ^ 
*1 *j *4 *^ *7 *a TotcO. 
t i 1 
H* 
1 
a 
4 
' ^ 
6 
7 
Q 
10 
11 
12 
r3 
14 
16 
17 
ia 
19 
ai 
24 
27 
2 i^ 
i3 a j ai? 
31 
3^ 
36 
Jt i 
u 2 
St 
o 
l a t a l 
MMit>»»'=t«>FcatJ<t^'?'Wu»WMJ|i»>Mt iili»teii>IB»iWW»'w^aifc^wa»g^-^;;W-IM|{-.^ 
Corz^etl^i f as te r ic •S* jf 
1* 3Ji£} {icporo f«r r@i»JUeat#8 C^ai^i • 
J ^2 . . 2 
** V i ' 
5 
i , toUX mm s^ Mire i¥ai^i«^4irHar*a> *(4/*«...i4a/J''-. '. 
'-J 'J 
Variation 
^9 to 
miwwtiiii •»M^v^mriim m' .iw*iw'wpwww.> ;« 
jTroodOii jma of a^aro 
«Ui#'--^-*i"*i»^?»*-.-".-:»»^ -"HMt—awffaa»»wr>nr^j1.HI Wh !'*««'Wiw 
tiepllOQtos 
l^roatD^its 
i^rror 
^Qtoi 
4J>.' 
(40-1 i • 3i^ Vai. ^alf/ V * 
iU«h»*J>J« O 
«*«r*4<R>.4it .•:^>»»c««»iJn«ES-)Wa-»*--**«<*ii»:.'(*" - ••*--'«nimi»7<aw:3»^rtwiV<iHBJiw • -jf ^  -aw,-
t valuQ ui: »i' a£ 
i x ror alSis or %^ 
'i.'o se t tS%o t valuop ^»itf» oX ^rror was calcxiiatcKl witii 
tite tieXp ol* JToUUnrlng foroala* 
it m iJuiafi»or o^ iioplioatod 
witii Uui ii&Jlp of t l ^ iQlXofukm^ omitroX oorOd* 
2G 
4 « $ /& i>i.A i^>t, 
t 
t 
t 
f 
I 
t 
§ • $ ft iJJU 
S» S J6 t^riviiiAiVi-i^A • ;»¥i» I O i l iUX J6 iyi4 
B« 0 jfSi /W.:^ >li&'i jB ;ilf^ S ^ ^ ' «'^ '^ ' ^ ^'^^ iX}!^ 
1 1 . $ j$ .*jQK 
lkk%& Cards 
t 
t 
• 
12a $ ^ i.:A^y 
1&« iOanH Card 
. ' i i * 
«2« it. « t 
1 1 . jw 4 0 0 i « 1 i 5 
1 2 , ai^'i;^ • a«Q 
13* . ^ ^QOU« 1»3 
16 . JL i ^ ^CD 
17* 4QU uU'i f i i - i i ^ 
i a , *>/ r^ Qua* i»a 
1y , Jj(;^ -*J a 0«0 
2 0 . i,U 1^ X«i1 i^ 
JU*-i3 
u 
21. 7QQ mm m mm • % ( M ) 
26, aou JUtis • Jiiiii Cii 
2 7 . U^ • ^ M & « i j y a § / ^ 
a s . ^i\ m 0 
^ 2 . aii^ s • 0 
J i . m. 1000,1 . 1 , 8 
3C>* V^i.^ • O l l ^ • Ci" 
3£J. /a-iii>i&) I* %U^ «• 2«a4i8 
2.0<i3 m % vakm oi 23 ik' oi e r ro r a t .^^  Im&l 
39* Aui-4^U^) • VAJ-^  * 2.763 
2.7S3 • t raMiQ Q£ ^  &4e' of c^nsr a t I:-.* iovox 
4 0 . ^i^iim (5#2j Clj'i, ¥ai.^» ¥/ijU» V / ^ i ^^U«.t Ai^ii^iw/- A4*,».a,ii,/ 
' ^ «f * • c-
4 1 . 2 ^^ AUiAT U l i i 7 ( 1 x » ^ . i:>.7/i 
4 2 . ^ w &4 l 
43. It' Cli«&ri.i l ^ l f l ' ^ j 
44. 1Q0 u,.il;.. ( f ^ t lOAAi -^ i^ i i ^ i iwI . ii&/ 
1^ 9 
{• « ii i l i i^ ^|>.i;Sin.|[fTill^i.li?7i| i r . 
^juiattEi 1^(1^ po^iitive yakxm ^~m^ i^m t^ro eiiaract4»ri^t£42d vary 
i«iS0tt i^ i i ^ t ^ seoae 4ir<HS%i^ ici ami nog^tlire vaiuc^e %fr*ior. t^ «iiy vciry 
3y 
mmmre tltcj simple oorr^iatlofiai ammg tli^ dMlorctiit eicMoeriis oX 
a parti4Ailar sot of eolX@otiQii* llse 2m&& vaiu:&o of Uia dlg'i'@r@at 
Qlmsmnta portaiAisss to tli& ^Kforent sets (i*i« OKferont abO L^ E^HJUP 
tr@@s« i%Ui&tm%t hsiS^ l^v^tls aad dli£wm\% poeiiiims aciN»sa tii@ 
tre@ tnin^t u&i^M as roi>l4«ate«i «r Gbmsnf^tlmmm 'xtto p*Oi^iiaa» 
v ^ i^ jiii Him tim Imlp oi following e^aatraX c&pmt" 
t 
« 
J liQta CardB 
14* $ 1$ £.'Ml 
"•J -, 
1&» i^iulUpiii*©ij©d Ofiinl a. -0167^^ 
JDiji'ijiiJiUi A ( 3 ^ / | Aiife*AA»i&i» J**Ji3if .vXvu^yf viv^k^ii»;>/ 
100 li^UO 
.A> 4j>i i - i f i * 
c. K A'Xi;- '\i?f ^ ) i*'^ i 1»«^ i fiS " t l f " i 
nA> 120 X e l f i j 
*/W 11U «/«1j..j 
i^ ii-^^ 102 »104,104 
102 i-«i.4iJ^ -*l^ /2 
Uu lu 110 
1Q4 umS^{,l^l'-i)/2 
110 ^vJ^rtCuiUL^ 
laa 
O hi 
I t in a OerlvaUYe a£ eorreXation ooeXfiel^it ami oeootod 
^y k^U A'^ O^ valuo of ^'itfiion os^reoaed in toros of iiorctMitag.© a^ «otii3 
the pereenta£>© ol variation U\ ime variat>id as a rosui t oi vu£*iatiaa 
in stfiotjitor ViJr-iQl»ia« l^u^  ooi^ i&iii^ it^ ijyry vaiuo I'or tiiiat 1^3 cko^iad 
eoe££ici<»it €kf ruin«>det€ir:^iiaatian« I'Ma SIKHSTQ tiio cs^t^nt Xo Wtiyikx & 
eharactor i s not roaiKAsibXo £<»* variatic»»s in aiiothm^ ciior^ior* 
'^ :ta e o o f r i c i ^ t m' d@ter;^ il£}ati03a tuae eaieal.ataa i^ :; tli@ 
prooant atu4y tfith th@ foilcming ioi-mkilom 
a a IC^ir^"^ QS|»r<i3i}od in pereantc^® 
vtuarc, d • ooefficiwiit oi (totorsiinQtioa 
r » eorrelation w>Qit%»i.^mX 
t%at af aiani£iea»60 of cm^roi^i^tion 2>ctwueri Vm ttfo 
cliaraoters waa done b^ oo&ii^ utiAg t valud witi* tHo haip aif foliciwiiic^ 
^ 0 0 iw «i. «i«Jfc»» 
1 • r^ 
where , r •• Gorreiatiun oo^f io iont 
to a wlMMsrvod t voluo 
''4 •-* 
%%Sja oiascirvad t va^ l^ iio \mM ems^afed villi the oetual 
t V&UKI taU<^ out £nm tb^ standard t-taliie at u^ ii«£ dogrs^ 
of fs^c^ i i^ , K» 
OBSERVATION 
"Urn oeodliog Qi iSSS^^ etalabaricujta iMcoauoGs paiiaat^ly 
oos|>oi«a l«Qnf@s In 8|>lraX ordor^ eooh Bt^&teLta^ at aatixri*^ b^ a 
distinet iiiti»«ode (rlat« X<»A)» the a^ijooX tmrisUm i9 etiwred 
l3^  a numlter of prljaordisa. leavos \ttiicb. are la tiam «inolo&oa W a 
paJLT o£ Xovos* leovea* Aliia sooe i s dosl^iatod Ixi the ix'e&eat stuOy 
aa th& dlioot ti|> iiliioli aoosur^ JLn au a(v@ra^ @ a£ al>mit 6 a,^ i» 
iieight* 
iiit@nu>aa& @xtmkiing to a diatonaa of about 3*0 em aaim t^ ia alioot 
tip (Tabia-ii>» 
Oariai tnmsvora aecti<3$m oi Urn oboot ti|i o ^ titoae iiaasltt^ 
tlirauist) ttio first ten intortiodos MOTQ axa@li:ioii to troca tlia aavaiai>* 
mmt o£ vaaeuior tiasiioa* Att«fitian iiaa l^ aan pai4 to (i> t ^ 
aariy pripory i^ovth in shoot ti|» (bei<»M3 rapid alani^tioa>t ili> 
tkm latar atage (^ priaary groetli in tba f irst m^ BocmuX intaraadaa 
idurirse ro '^id aiQn&atioai» i i i i ) tiio aad o£ primary ^ o^trtii ia Urn 
Qocaad iatamaoa md iiv> th& soooadory i^oirth in tlie tliird int<»** 
nodas orarorOa* As Xmig m mi intamoda k s^>a aiongatii^* i t is 
eaasidarad to )3c in pric^ r^y £prcwth« ISia aaoosdary r^o&tii comimmm 
abaut tl'ie tiia© a£ Um eaaaatioa of oloociativin* 
li'j 
j;»rlaordJLa and the <3iiXergi&e le&w&it^ etaeXeaed tj^ r a ^Ur &£ lower 
Xe^ fves at tte beuB** 
TranaVGrse saetioiis of tiii» ssmm ^\mt holmi th& aplooi 
mtaPiMtmn «(Mbit the proesus^ iuia as disoreto umUff arentiatdd atrands 
oie 1-2 layers* M tangaittial Xoneitudinal sdetiona tim sn»&B&»imX 
oaUa are boooganeoua myl axlaliy eXaicigatad« maauring in airis'oge 
eOHHit 33 ua (li^ ta^ Xo*^ )* Tba mA veuUa oi: at^ iJLa are axduoivaJly 
traoaverae (^'iata XlX*4i* At a latto* ata^ @« tl^ iircicafi&ial atramia 
U*3 Xayarai for^ a ring m«ltta la intom^tG^ hy Ifiterfaaela-olar 
ragionat one to four aoUs wioe (ilata il-A)* Oxmtjxrmitlift tim 
^o'atoiiiiXoea dlXfarontiatea a»d i t doaa UQ% cm-^nrnpand to the ton* 
dwioy of radial aeriation aa alKiMti t^ i t s iiot^ tor initiola* iiie 
proQot^ial oeila ai>i>ear retanptlar ixi trgriavorsa vieif mui a^MW pari-
clloai dlvlaiona man at tuia early atase irlate il-A>« uio^tudi-
nal aoeticaia of tMs stagfi wiiieh is located ^Mi %m haijsm ttm kiim»» 
gaaeoua stasSf ahow t23e proeaabitm cUXf ^ c^ eiottiation i&to loag ana 
sl2ort cells* the latter resultin{> froo triansverse diviai^ i^ aa iia smm 
Xcs)^ cells« 
iTotoxylem <diiff ca!*eiitia'U.«xi starts liy tli© nUUMle rGgian of 
aboot tip* i t differoi'itiatea as discrete atrcmda aria Hea 0|,:>posite 
to the already foriaed proto|)liioeti atra»ds (i'late il«^/« 'i^ ie mii£i>er 
ay 
of ^ro%&x^l^m strands Icwr^ikS^s iraclyally en^ &*m u^fto 9-'tO wi th 
t ^ ixmr^maijim ^istoaed £^ r<i£k epical iiierij3t<»i» 'mieik stra&d cim-
s ldts oC {^dUal f i l i i s of > 4 ^msaoXa i iaviai aimular aod BPXS'BX 
tMjQkenln§8« i^Xos 8ti*£»ida r&ii&JA separated from tlto ^^rotc^bioem 
ed ptoesmbltiX oeJlsy i i r r ^ i g ^ In rad ia l 3«riat io»t '^cssgorttial 
s«eti<3c»i o€ t l i i s stm® r@r<ial t l ^ t i t £&ils alK>ut laJO ym below 
ti ie stag® of bOQOg«&@ous ^uss of proosta^ial ool ls m& i t i s f u l l y 
di f fersRt iatod in to tifo t^pea of eollSt i«o« loKig and oi^irt t^rp^ 
(Flato I i I«B}* l^usy the amm of tr«g3sit4<m from lio£)oganoous mm& 
of ooHs to tho f o l l ^ 41ff orontiotod l&to l/oog mid oi'iort oo l l t^.»o0 
@OQS<£re ol^ut 700 l i i ^ '<i^ ^ short oel ls oro sqyai^ lar reota»gular 
i a sli^iNi a&sl do not SIKW » I ^ rcidial s la i i i^ t is i i^ ^ ^Ksonrod ixi ^ii^« 
f l io Qsett langtti of l o ^ ool ls o t t l t i s xmm ia ^ • 6 4 u% i^iil@ the 
siKirt ool ls ^ast i re ^^oot 22*97 ass i ^b le *3 ) * ^^^ ^sid mXM of 
1»ot^  t^i^es of ool ls oTii tn&tmaU^ tr@iisv«^so i i - lats iLiMiim 
1^e& bsaal portion of smo&t tip ^ivm^ ime^ oleetr rad ia l 
f i l e s Q£ i;^dlff^T'entiatod pH»oa^ial eel ls re.'iultl»g f ro» r<^>oatod 
per io l ina l divisions* k^plmosf phloem Mm^m^ m ooipieto oylimior 
10^  t b i s tia©* Heir stn^firic^ of iwimpy M^lmi diiveXop f^ :*oi^  tlio pr-o* 
o s ^ i u a bet^^en Urn larg^ir prlacirjT trundles* 
^ ^ f i r s t md soeoEid latgst&adest studied for a la te r stag® 
of pr iK i ry grosryi ( f i r ing tlia rcii»id olcni^aticsciy were foimd to i^ o 
1*1 mid a«t e& X^ ng reo|WQtlv©2^ itabl&*3)0 Tkm tprnimmtloRS oi 
these liit<»mods9 rmmX |)rd^«6@iif« m££@t&xt3u&Umk o£ tm vas* 
cular t i s au^ ae^egexdad 1^ a tnansi-ticifi Xroo primary to 3@G0fi«> 
dar^ j^;roirt.h* rro&m^biaX ^2Jbai$m' r&eoraa- afn Increase irom 4«4 
leiyers la the £im% kk%tsetms3m ta 6«€ lay©r@ iii tim secern 
Ctal»l«*3)» na a r«sia.t d£ pgrioliiial divioioas iriatoa UMi$ lV<^h 
itm v^ «^uJLi3r misSbhm m*igiiiatd3 la tiUo eyUndipr ^tor at«ii olixi« 
gatica itt o@gplatoa« i'tHKiueticsii of 3^11 strandd &i. primnry 3^ X<m 
l>otif@ f^i t ^ lari«r .^ioar^ l^x^ioSf ofrntimtM isitii a eoq^i^to 
cyli^^fg.* of at^ Xi^  X«ra3 1^ the saoond l2i.t«r»ocla« U&a X^IMM el«* 
saaeits @r@ QM&& la e0£itrlXyga;L dJLr@etiai mill® gs'lmsxy gblo@m eeii* 
tlnues to diff^*flgitiat@ In o@»^lp0tal orosr* !«:2i@ ptima^/ iarg@r 
Xouna to ilcnreldp* 
Tt[^ jl0*3 jilKwa a tm^&'mQl'^Q iiier^aa® M th@' lei^ titljt M la&ci 
^tid i^c»e*t pcHiea^'iaL ee2M dur^^e InternDdal tXixiSi^ t^ iJii* ' i ^ Imkg 
slifirt eella 36,47 urn iOd ^•S'^ uia $n tli@ f i r s t a»^ 0QG(X2d lotor* 
aocinta r@apo€itiV02jf* i.^ tt4 mUa oi' tlid laeig o@Xls are trt^avoraa 
but tend to l>eooao o|})Mqua mid ©scbibit a i»»i«at»ric^ arrafigi^«mt 
ii'Xc!it«!@ Xli«Cp^l XV«C)« <^^tl«lliial dlvi&icKaa cwitimio to coour 
In thi aliort eoliLs o£ tim i i r a t Intaxtiodo i^iioli reisuXta' in the ijro** 
<lbiGti<afi o£ hl"^ t r lsariatu ray ailce stn^turaa (i^iat® iliMij^ 
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(Fiatoe i l i .*^ !¥«€)* liCHf^r^t thQa« oaUUi or@ s t i H axiali^ @l@ti» 
g a t ^ as o^orvod in tUS^ 
MWuM^ Mm M^ mm M etoiiaUwi 
Oeegadarsr p«i3iftli i n i t i a t e £r&& tim Vaird iut^enm.9* 'i:he 
YoMmXe^ da^iusi In a eyJUniidr of astiveljf divMlag £l&tt«GiHi eoXJU 
in rodlal iiX&a l^iog l»ettf@(]a th© sim<m4a£*F sqr^ S^ ^^  ai^ <^  piiici^i* "ilm 
meS»m- of radial f JUi^ a increaaes i!r«^ a-1C) in tlie tMrtl intiMmode 
CiPlato 11«^) to ta«46 l2i tb@ Qi#ttli Ci'aiQtQ V«€) and attains a esfis* 
ta i i^ tii^:tiaft«r ^ t o the tOth Intamadlo (i'latd ¥«i^ )« in toagcntiaX 
irinify tti@ oigildiuii f^'poirs lidtsragone^iQ i» eci^ip^ltion* 'B^ fusiform 
in i t ia l s moFQ^e # K : ^ 366*01 urn lii iangth mtA '^m ray iaiticPus 
46«Q7 uD ill tlie tMrd int«rti@at3» Tm Isngtli $>i* fusii'ons i a i t i a i s 
riMmt to 354«62 ua ii&iiM ray i a i t i a i s reo(ml CtO*!^  %m ggiticiiiiaiiy 
in t ^ wdXX ^itabliu^ied mture oa^iiia «gr t ^ lOtfo icttersiode ('i.ali4«* 
30Vmth iatomodSf nhicl'i eaiii3iat0 of vosa«lsp i'iliraSf mlaX p&^mk^ 
elu^mtL md rsya^ 3 ^ tltat iormmi mmM^dBat:^ v@m&lB are gon&x'aU^ 
opiK»sit@ to tl!6 pri£)or3f xyX^ m s t rand C^ '^latss UMJ$ iV«&| V-A»li) 
latdT fos^ @4 Ve0s#l8 are ae^t^isr^ ^irmi#^yt tli@ Qyii£Mk3X' Q£ ad€«iei* 
dan' 2i^ ldi% 'iii^g are Xotjenl saiitar;^ apd &X&Q M raaiol saal'tJ^iefi 
4i./ 
eeilo» tucial parencytQraii ami rays* Bie «itir<i iraisGular cyJLkidar r^ n^  
X i^ ioaide e l»rQfe@a rlag o£ wall Oel'lnodi ptilti^i f JU»*e3 ii^i»«ll@««^ 
£tW0»h i^@ f i r s t twgontlal iemd &i ptkl&em ilhr^m is ^is^*v©d in 
thd 10^2 latcotiod® U'late V«r.)« itso foj^ n^er inti^cirajBoicalor soetiors 
f or^ectlal ex|i»asi«3ii 0i &ittmt@lmr ti^sum wi^i radial igrowth^ 
tm iifGQ&iabiBX attm^ betdnci tlic apical e^iatai^ ammiF tQ 
be bofixa^ osMous* 13>0y $0it ecuvart^ into a het^^egan^ous 3a&@ of 
o@lls $i^ Vm mLX |»QrtJLQii oC t i ^ mus&t tip* Hi® tkro c^li t^pea^ 
axi,a31y ailangated eoUa emd. short r@«tis)guXar ooUa Ixi soOaX rons, 
r e i^ l t £ro£i imriatioti ki Urn ttmmmii^ of tri^ »@v^@ii diviaiom iti 
pri»«euid»ial e@JJLa« %^iNfS of at^irt reetamguJUkr 6<^ Xla i*@rm lnt«^faaei-
oijdar areas* Tiit reprosentatiirsa of foeiimXar £^a intisri'a.£iioi&l.ar 
regia:is possess 00me pc^cvtoplassb a<»iae CKIIJJI @i«mgato ^ t diviOe 
Xfiss £r@qi^at2y mA t^rm. x r^JUaorOial fuaLf€«^ Init ials (t'latos iXl'^^ 
0 t ^ IVH:! VI*A}, nm |iriii«rai&X ^aisi^ora i^iitiiOs a&t transfi»:*i^ ita 
into cana&iai t\mi£Qtm laitiaXa* ami in the prc^oss the @eiiar apparmtt 
eitaiice is iisi tkm slope of tl:ie ciid tmlls* 'Bm trm^moFBrn QB4 ^^lis 
&£ prisie»*aiai IXisii'm*^ iaitiaJls C^ ^^ ^ leit^itiodei lieoc»^ ^ obxique In t i^ 
thira iMt&KkQdm as tli@ lat^nioOal ehaa^tlmk am@@® ^ila'tos ii.jL«>t"t 
U. ! 
for thQ ci^ivelc^^mt <ii s tor iM pattern of tlio £\A8iform init i i i ls la 
Srcmsvfirse aa m U . as antielinal diviaiocid m^tt £i!^ @ oisyndaat 
in aoiae ostioX stmmia of eeila tciati i£\ oth^r«t i^vli% rJU« to ij^ofu^ 
of priooruXai ray Ini t ia ls In tlie el«Ri||atiiig Inteniodi^ v<^  i&tas kll^$ 
£.| X¥«C| VloA>« Iliesa &^fum Gtre uai«to triaiM'iato £«KI a^ ip^ a^r l ike 
raya laut tho o^ila azo a t i H aixi&i^ t^  aJyoiiaat©^ aa viowad isi iv^ «^ » 
isktii tl2ay ara ooiivc r^totl into ray ini t ia ia* ~2km primordial ro -^ i a i * 
t ia la give riaa to pri^ aary ray ini t ia la (ilatas £li«£^ |^ XV«^ } Vl«^^« 
Qraiiually tl^sa oolla ai>i^ar iaodiaiaotric in tian^antial vi6V ^i-iuta 
lh« f(»*oiatiiin of naif raye takaa pX&am in tlio tliird intamoda 
t^ matting lans ahapad «alla ^rom tha lataral waili» or liy iaolating 
an s^ioal oal l froa the t ip of fuaiform in i t ia ls throy^^i transvara^i 
diviaion ir lata lV«9u}« %lm lm& ishapad oella imdartio rapoat<^ troe t^a* 
varaa dlviaiflea giving riaa to unia^riata r^a* Hia foroation of 
aaaondary raya by aa(paQtatian of fuaifora In i i ia la ia ulao a Wiwrni 
pbcnoiaatikan at a later ata^ a^ of davoloi^ont Ulate « l^M;»i))« .Oiia 
©odo of f ortaatlon of nm tm^ in i t ia la cotitinuao to pt^ ovida a aource 
of nair uniaariata raya aa radial t^ rowtli |)rocaeda» tiw laiiaariato 
raya giva riaa to imltiaariata rajra latar* 
floveloi^ ci bdt^^<si t l ^ priagiry phiooDi and ^ l«m otiu tlian ox'idiKie to 
Aater^goaiciLlar rotj^ ioeut to £ora a ot^^)I@t« oyiloiii^* i t o«m >^xartd 
Q£ two tjfi»«s of i o l t i a l a vl£»i Xu@li:orm ofsi ray i ia t ia lSf aiii^ieu 
in v^r t iea i mul bf^ksoiiUil pJLoaos res^^^ctivoXy* 'Xiio ^uaiiot^m 
i a l t i a i o ore vort ioal iy al€»:i^ted i^ ritl^  paro l id l icitai*^ m^llQ ocui 
^QlaXsd doda* timy ap^^er rou^^Oy iiisxaneuiiir in taii^ontiai. viav* 
Shoir <mds ii«) €^>prgiit4^ttQiy a t Uto aosxi level i^ivli^ eluQ %ti @tra«* 
tiJticatXon of ool l la /sre* 'Xiae roy iaXtials* <m t^ i^o otbor iMsmi* arc 
aXniodt iaodiaPQtrie (i'»u^*> or rooto^'oior 
occyr ia 4iroap« liatflrap«r8«a acio«g Vcm ixmiSusr^i i i i i t l iOo. iHoa© 
grc^j^ Vary in ssoanitud^ and eo»3tituta oai^injl. re«y bodies i^i^ttoo 
Vi*iJty| )^ii^/^»e-t Vlii«,i,iit.l>) i^iiiiio IjiSli'ora i n i t i o i s wiilcii are 
l i i ^ i y vaouoXateOt the m^ i n i t i a io ore ^(^loraiiy i£;iprei^4awa v;iU* 
«tareh and tminiffisroijiA 6ub«tat)ce£}« Tlio waila of tiis i^ a&i£uji'>:.3 
i n i t i a l s boar prisiary p i t £ica48t tiirouti^i uTiicJi tiiey oataaiiah 
oofac^Amioatioo vitia eontiguotia ei«i^:antS9 enpeoialiy witi^ ray i iUt la i s , 
S13I0 radial itfaila of i'uaiJCoria ini t i r i ia ane cosparati'tfeiy udxa^m- t-ioii 
fli© isurolci a*'p4ar to 'ac rolat ively soal l irt alzis m^ fiii.,iiiy 
ehrosaatic during "Urn dc»:*o i^t ti'^ ^^ i ifi tho active poriod* 
thoir oixaenaiaiial variatlQii im» roveaiea tiiat tiie i^ 3<.,tl-i oi' i'uoii'oi:^ 
'il) 
inXtiaXa r^igea £rom ^14 yus to ^00 AU^ t with an average of 41B Aia* 
thia average has b««& ^ound to vary within a oarrow re^e o£ 360* 
4 ^ yua* 3iailarly» tim vidtli oi' tlieso i n i t i a l s variois £rom 28*6 to 
42*9 Am in a. widco* range nitii an average o£ ^2*3 /um which in turn 
oaoillateft between 29*1 A*^ ana 3&«6 AM ifabie 4)« 
2he ray i n i t i a l s n ^ o b occur in d i s t inc t groups i'orm oaoiiial 
rays which vary in height eead width considerably* The hei£;iit of 
eaiabial r&y» varies trom 1«68 ce l l s with an average of as*^ cells» 
^ l i l e the i r wictth vitries from 1"6 ce l l s witri an avor^t^e 3*0 ce l l s 
in the inveatigatcNi species* The eaisl»ial roya are oaXeeorised into 
three grouijs tixc convenienoe as short (l^td coilsilt znedium i16«3i^ 
ce l l s ) and t a l l (36«8a cel ls)* 'Iho shortg aediuD and t a l l types 
ctf>couat about h%^§ y^ wA ^^^ respectively in a luUt ^rea in the 
oafiddial 2ogae« In a s iMla r count* the narrow rays ^1*3 ser ia te) are 
found to occur ewre frequently (60^) than the txroad^r ones (4*6 
ser ia te) t^iich in t o t a l represent only a 4ao of caeibial ray poi^ula-
tion* Aisong the narrow rays* uniseriate form 22>^ i b iser ia te 1^» and 
t r i s e r i a t e 2^i* iUaong the broad raysy tetrasffi:*iate i s rei^resonted 
by 2B^ while the r e s t 1 ^ include the &«6 ser ia te rays* 
the re la t ive al»indance of fusiform ami ray i n i t i a l s has been 
studied in tangential view by eos^paring tt^ ie area occupied by thetB* 
I t has becui found VasX ray i n i t i a l s account for 4a,^t wMle fusiforo 
i n i t i a l s occupy 6(%4 of the area oi candbial sone* 
Itke caMtial i n i t i a l s undergo p«riolinal as well as an t ic l ina l 
divisions* X'lie former t;ivca r i s e to ttus ver t ical ly a l i p e d inner 
q. L4. 
and oaX&t d^lvatives from tusifona iaitleOs ismh aft 8i4iva» 
tuba eXaawiitat vassal sagsentSt tVtxtm aoA aiOaX paranoiisrBia* 
Uk tba othar tiand> z*agr Initials proOuea rndially orientad 
vasoular ra^s* THa sntioliiial divisions Isttdl to the lauXti-
pXieation oC Initials to cnabla tha cawblal ^llndsr to oogm 
with tlia expanding trea ascis* 
^ ; j 
nmaerical Cii^ i^iiiea 4a varylae i>r«jportioti wiU* tlie odvasicljaii m^Q ^ 
JU^cvet OR i t s derivativo0f the aootandory vaaouior tlaauos* Trntm 
olioiiL^^ i>'ti^ @ ^-^^i studiod with rmiMXt to axial circuajtorcnoo JUi 
liliiroroiit age group troos» as tiell as in a sitiLlo U^oe at^roao tiu> 
trunk a t cheat heii^tp osmiiaiiiii tho soeoDdiary tiaaueo to rei 'loct 
tim cai2|;»OQitiQfi €t£ em^imh 'J^m ontogcmetio &ii«'.i»i:,os In tb@ atruo* 
tare Q£ oaii^iuQ and i td iiaipaat on dorivativas riave axso bc^ en 
atudled oXam U»Q t ree ajcla at dMt&r&at haii^ I&VQIQ fro:- tiio 
liavd beoi'i '^tiead iiti dlXic^ent age t:;rcHa|> trooa ^-^deh c^xi^^izmk one 
year old mt^dlijag t o ^ /^^ars old aeiult t ree trunliB* Uarc vos 
taiLon to oolloet t l ^ oatoriaiB J^roa the saiae iiabitat* 
%im GQta^XBX irti'tiais» #spooiaii/ t^io i^y£iiian:a mm&§ iBMiorgo 
aisje vai-iatior* witi* the {^owifig liijc'ti. of the t ree OKJLO, in 
1^0-
&m&e-QX$ tim £\mi£&tB i&itiaXe are &^^)rt«^ in you£i£^ or ta^cua Uum 
in Uia older onoa* With inerecislne eirciamforoaoo oi.' ccx..ljiai 
cylindsTt thGTo 4a an at^t^oroiit coiToapcxi ..ing iacroase iia ioiic*^ 
QVorogo &£ fuajy'orm ini t iolaf t i l l Uioy aitaiii a i:)c:^ Hii<^ ap also ^ 
444 jua in Q S£uMLd i^ytainod Iroi^ Um iryok of 1v>vi cu aircuof resice 
Ui^* 2i« Lator t t ^ leoiitli turerage Xirat dearoases atiu Uym UxuMi 
to rosiain Qoro or JJ&QQ at tl'io sainQ rQSi£,o In U10 oMor ^rocts* 
'£tm laoi^i avoi*ai^ o* Auslfora I n i t i a l s o£ j^^* yar^a^yr'-yi^l^ v^u^ic^ 
jCroa 3^ »0<o444 yujffl in tho ^ii^t&Fant olrvnjm£acimtlBA ;^oa* ^t o^ i^^ ai^ o 
that th& oMJJlt^ o£ i n i t i u l s to aotiulra i t s ai^o Osp^o i^a on tiio 
ago oi^  tiio QKit'i&tom* 'ilio ^€njn^or ia tlko ocus^iumt i^^^itcr i s Uio 
f^ i l i t ^ of tii^ ial ' t iala to clofii^ va'ua* Coskmnimntlyt tJi& r a te o£ 
Ql^Oi^tXQik o£ Limitorm ia i t ia lo QI^MU ^jiumi Q& Uic ccu^iuij otcu* 
Hae mnttMHr o£ I n i t i a l s por t i o r vorioo i'roo 2«1Q iii tlie 
difforant Qg@ p^Hiiia with tho ulnljmw oecurricM^ In tlio y<nmi,oat 
A conporatiire dualysid oC tariggntial t^idtu Q£ Urn I'usi^cira 
in i t ia l i i luitf rovoalod toat tlioro i s on Inorease in widtli cfvm'ago 
a t I n i t i a l ata^e and la tor tiio pottom i^^ts oiaturl^od i^o^le^jm 
lioro ckgain» tlio |>oaH i s ryeordod in a Q££|»1Q obtoinod £X>ou Uw 
txvmk o£ tvX> on cireuy^caronoo U '^i^ * 3i* J^^ K> Q2ic,^ >anaiasri ox' Ini t io id 
i a found 'to be Mgh in younger atoias Uiim in tho oioor onoa« 
the s t a t i s t i o o l analysis of lon^^th onu width variaiKm 
&t^ma that t^ o^ Xtmgth oC XuiiiXorsa i n i t i a l s olJtaiiioci i:roD aw yoor 
4V 
TtkbXte - 4 a ize vurlatirm of tuaifora initJ.aX9 la r&JLatloii 
to Liirni of th.^ ) tree axis o£ Boabax Gialabar^\i&u 
Circumference 
of the axia 
ico) 
8 
a) 
5ii 
60 
100 
175 
2M) 
jKK) 
L«a«D« a t p$« l e v e l 
Leoigth 
iT72 *472) 
1 4S>,99 
(241-286) 
426 
t 49,04 
(272 • 5 4 3 ) 
427 
+ 31.50 
(357-A86) 
444 
+ 35.46 
("350-515) 
416 
• 34,23 
("343-500) 
426 
i 36.46 
( 3l4-»529) 
413 
C 314-&00 ) 
22«6a92 
langentiaa width 
( A«a ) 
22,4 
1 2.56 
r 17-^9 ) 
23.0 
± 1,92 
( 21-32 ) 
36.7 
X 3.63 
( 2 > 4 3 ) 
32.0 
+ 3.4i> 
(" 26-4Q) 
40.1 
+ 3#47 
t 32-46 } 
26.3 
• 3.40 
r 20-36 } 
38.4 
( 2i»-43 ) 
32.8 
t 3.73 
V 2 > ^ ) 
1.8913 
• J.D. Figures witiiin parentheses indicate the ran^. 
^i -5 
*abl« • ^ Variation ai' oasfelal ra /a Ui >^ yg%3c •.•_ 
in x*eXati6A to gir th ol Xh& t ree axis* 
Circustieronoe 
OJC tho ania 
(CIS/ 
ii«»i|;lit in 
cells 
»idth iri 
oeUU 
w^:k»iai xtiya/cis*-
a 
^ 
i^ 
60 
IvXi 
1/i^ 
21^0 
3wO 
i e v o i 
16.69 
14.6:;^ 
U - 4 3 ^ 
• li.ew 
il-:^^ 
i i « a 6 
1 6 .41 
( 1 - ^ l y 
16.(>^ 
• 10.16 
V 2-43 ^ 
3 . 5 7 
* 16»:sii7 
V 1"<^ i 
a.a723 
2,26 
i i - : > i 
2 . j i ^ 
\ 1 • 0 / 
^ 1 - 6 ^ 
2«£^1 
+ 1.1b 
2.^ 
^ 1 - 6 i 
• 2.1-> 
i1»1-^^ 
i 1 - 6 ; 
* 1»>4 
v1 - 6 ^ 
U.y4i2 
I 26 .21 
^642* 712/ 
1^  12.^3 
..Iv. 
7l>;^  
ik 74^-7 J:^/ 
1j4i^ ^* 
*v1- '4 i ; - . i ' ; ^> 
7 i i ; 
V 6 J 4 - . 77^^ 
4 ^ i 
J, 17.:>4 
v ^ l l - ^ ^ U 
1iJ.(*Ol4 
^ -'«»)• '^'igurasB ^itiiin parmittwiB^o Indicate tlius r ^ n ^ . 
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oM m-iSf diSiQra sif^iUUitsitlf Ti-tMa a l l otiiara^ aitlKJua* i t does 
not ha!^i^m> so In othor easoa cuso@£»t We oem %)liicii ia ab^ineu ivoa 
tinit varliition to a si4^iiJtle£mt lovoX in oil coaea il'ali>i©^>* 
'^ lie ol>s«nmtio{i6 i^eoordod am kmlQ^it of c a ^ i a i ra^3 la tc^os 
of eei ia do not ainw an^ ait^UXieant variation in t^c Oifim^oiit ago 
^oup tr©©s in^Oiiit© of UK' Xoct that t t e r e io a aoriiod ciiiirit,© in 
as voXi Q0 in tbe oldest axis analya@4« The only s i tMi i ccn t resu l t 
in il@i|^ l^t iroriatlGfi hm bemi n o t ^ in the oaoo a£ oldest a'^^^ 
i^jO om oirouMorcsioo) wJLch dUfare s t a t i a t l caUy £rm2 a l l oUior a^^ 
oTOtips iiai»le«-^>« *iioilarly» tlia width onforo^ of co^abial rq/e also 
dc^ €t8 not cliifer aionificcintl^ ot^ ionc tlio ^iiX^r^imt age a^ups oxoept 
17S 01% cireui3f<»ro{iOc ifiiieli difX<»*o si^ilfiocmtljr froo Uio youngdet 
stom in tliia ri^ptoot* 
In anotlior csnalrdisy i t l i ^ boon fom^d tUiat Ui^i'o io a 
2 
oontinuous f a l l in UIQ cfvoro^o ni^J»or of rsxfe lior .mit m'ma ioxx*/ 
of oiM^iyei fron ymm^cr to t i ^ oldor isromi^p isritii tl»2 oxoeption of 
17^ oo oircumferonee ajicis in igiiol:^  Urn ray noiiiiar a t ta ins i t s i^ ocili* 
fho statl£}tioal omUysio ol' data obtained In tl:iiii roi^apd ikiB rovmil* 
od ttiot tno ^orago mjtsiiKac oi: rays p^r milt eiroa of oasj^uo oii'f ers 
signific^ntiy i;^  tiio a i f icrant i.roiipB i^'able^A 
3y 
ca{£i}Xol r ^ a in tangential vi<M tiao liiijiili^^htod tiKj ijrodaiaiaaiit 
t a l l r^ys in UJC oldfiur cneo (i.a&lo«6^» 
A ftunrciy o£ r^ i^pe in Uie dilTfaraiit <^e i/'cmi.^  ti'^ eo© iias 
r&vmlefd that tiio unicMsriato Q3 well aa bisoratc r^ ^^o ai'e xaoi^ cs 
abundant in tbc /mme<£^ troca Ui^i iri the older aidat ccdloctively 
eofistituting aiK)ut ^^T^ t*W0Gn% of t^^. t o t a l i>Oinil<3t. <«i u^ ' %^iiyQ 
o£ ociabiun. In r«»lativoi^ oid»r ste^sy tliero ia a ilomkimmQ i 
t r i ond te tmaor ia te reiya* In a t l l l aider trynk@» a^e t&tra mui 
fanltioerlat^ rays ooour tysxe^ JCr&qtKMtly Uian in U^ yciuni^ er aioSf 
tho frequcBMsy reachinii aa l^it^i as 4Sf,j i'*atol0-u># ..iiiiiai^ly, tiie 
Qtouaarianoo oi' sl^ ^orty iaooiuts ofiu tolX rc^a aixioTB in ^Uilorait a^ e^ 
l^roii^ trttofl* ;>iiort units are ^^redominimtly ^jrcsoit in a l l Um mja 
i^mt&a$ iKtt tiioir re la t ive abundoriae tmSxm^ IxsmavQF^ oroatcr ia 
ycrungor atoisia Uwn in oldcft* c)n@0» i<itli ttM.' t^ xn^ fini^  ^irt i i o^ t^m 
QHiJB$ frequaticy o^ s)@cUuo t y ^ roya dc»ea iwt vary •ajsHi in ilm 
dittatmit Q&9 ^KM^$ esoopt in lOu am and atXl em circutaf^^^tmoo* 
i^urUkar Jie t a l l roya alao <io not aliaw any conaiatant pattom« 
altnougli ^iim peab. ia s'oaaraoa i£i tlK> aldoat oxla* 
uith the p^otfinc £;;irtli oC tlio trynkf t l ^ caj^il^ial aylinikM' 
alao axpanoa by adding cxirc^  colls* Tiks i'u3ii.'<»m in i t lo l a ixuioroo 
rad ia l lonei'fojdinal divisiana ami p^ocluca nett i n i t i a l a i^^ l^ato 
Ui«i^B)» .similarly» tim f'ay i n i t i a l s alao aivicio cm... i^vo vxao to 
3 
I 
•1 
IS. 
t 
I 
I 
3 
I 
1 > 
"^1 
3) 
s 
CO •4' J \ 'v3 ^ 1^ - t -^ 
nnn^^^^^ 
^ l^ * .* v3 ' ^ •* *» 
f*» '-O 'J5 V* f * <A -if 
trv ; s . t» j ^ TJ ^ <^ <M 
<M f M '<% * • 
o f*y o r' m -A ff\ ^ 
• " T» r-- *•• «" «- fM 
'^^ O <& 
^ -^ t; t '^ ^ ^ M 
^ t n ^ 1^. ^ n ^ 
^$n'^zu^n 
H '^ ^H 6 >» -.A d| 
r* If* cy A 
'J tV 
nm r«y ialtlala (I'latee VI«CtD| VU*A.,B,ati i Vxii-^^i^,^). iMX 
tiilQ ha,4|Kxu> In QFil&r to eopo wiUi tiie w^mmlmk Q£ Uio vooa 
eyllndor as tiM> tree irotis radially* Tkm nm ray ixiiv.lals are 
also praducod by Uio eaf}<ircjriSl<3ri &1' f usifon'^ ia JkiitJUUiS ^M1 'l;t'us 
im^pmm ^Umr 1a^ tim trs^uivarse desiaantatiaa o£ Ui@ £ualCor£a 
tnittalg Ulatas VI«^ J9 V I^«AtB} or l^ tim i&rmxtia^ Q£ now initials 
asi tarelaaX irlatas VX«i)f i(<-C9i>) or lat<^al see?amte (j-'latts ¥l<-»4 
Vil«A-^>tf| Vi.il-A,B,0| ;v*^,ii,iJ). 
yooa3iOEiaJJ.y» the royo os^ o «@u» "^using wi-tii aao mi&UmE' to 
forcitAll ana wide bihiioo t^-'iate Vi.I«»494;9i<i* '^ ^^ ia is brau^it 
about by ttK2 coiworoion oiT tii© Ini^nrening fusil or^ Initiaia JUito 
a grou^ o£ rsiy Mitia^» vikiu^ iorn^ tiic Ixridt^ e belsmQ&i tm is&o 
airoedy eacistini; ponein (x£ rc^jf JUiiitiais* «ipiitti£i4^ o* ouitisiN'iate 
raya siaiaiy oausdd tiy t^ )e intrua^on oi aiot^atiiig iudi£orci iniU^yis 
into a panel oi' ray i&it4als (Platas VXX<^ | iK.<^ ; or liy tlia trmrn-* 
(^K'tikitian a£ ray Initiala Into fusiform onas C^  lotos Vll«^| i^ -^C/p 
in iroqi^itly A@@a ia £ia£pla6 toiton £roci tlk: asiid Q£ 17^  CQ circui:>-
JTor^ moa C!la)»lo^>« 
£ho voseular eai^ ii^ siy tiKirefc»*@» ooeuite^itly yndjar(;,oc^  
clionuf^ ^ Ita coj^joaitionp as an i^ocKi^ aodaiiivo la^yiure to a&et 
tti@ iaoroaalna eireuiafercjnooa or nm vaaeular cyiii:idor» 4ioi9QVer» 
the relative iiroportion of ray sua fusiiom initiala do^ not 
slMMr an^ oonsidorablo oiianao in different age £proMps» as tlie ray 
initials vary from 32ii to 4&,^  end fusifoom initials fluctuating 
betwocn l)i^ end iiiO.^  i^'lL* ^J» '^i& laaKiiJuia voluesK;^  o£ s^ initials 
ud 
^ 5 0 K r~SBO0 
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d\) 
<Xk botH the ootor csid ixmee 0idl€6» tlic diXforcmtlatioii 
o£ cells derived £roQ the ^uolforo md ray initial£it roaulto Irt 
s««Qiidary tloGues* l^ie stryotidre md dim&aaian of tlio axiaily 
olij^ ftod eeniKments ore sul>^6etod tu oorl&od variation vXth rQs« 
l>oet to Vao Qge. 
!>V 
yoronoi^aa m'*-! ocJkiraisci-i^aa lii i t a vertical. :^^ a-&Q..ii m u^ -i^ ie raolaij,^ 
oi.ot»£jatod ray coiio iii i t s lioriatsiitaJ. syotoc. iiw^ ooo«s*iiry i>iaaeu 
ooa-iijclfcii, ^^ries» .jievo-»t.i^^ olasKsi'te are lai-iJiU to uo activo in 
tlie c«:iiM««tinc- rot,ic«i trtiicli Xaila IJ* 'J;iiG vicisiiuj.' as.' .^ k. c a ^ i a i 
piiiceiic smiQ Ulfite /»!-**; md imnQilf mhlori^ 4iii.ati.ori isi atViia 
O.C t*«0 ^Usii^mitlal lajQ^^Q at'c loiiiki iii 'i*iu 30«c of j.»oridc2iria ii-iavc-
.vi.'*j^ >«- Alio itt'w«ooii ^ eaivoraioo Oi cuiisi-ictiist, i^iloo-. inW 'SiJie ^.^Hi" 
OiMiauctirsi, aac i s jseriodic ana m^t ixjf tiio e&iaiU.viJi* -^ ^ jsci. oic .Aji./ia 
t^roups i.'i this 3i>oc-.C'a U-i'Q'^ oo ,vi-i.| ..«'*•!>.,«} Cv-ii-ii-..^. *i*'j' ^iuve-
r ' f ) 
» -"I 
tube co^.ia lut^fQ aif^^o aiovo plm^a <xi Ui...ir aiii^itly uuiiC;^ -.o atci 
trails VfcXcite .vi,«-s,^ >i a2i>,i 3c*vtji*al alavu r©QO of v:,ryii% •^i;m uii 
l a t^ ro i tfoLUi ii"iate Ai.-^.v. In taneentifU a^ t^aJi as iii 'irc i^GGC-
ii'iatiQ;'! -^tfi-Cj ivV^A-jV^^ /. Aiio aH:i.ai porcamt^iiia cu^ feia arc Ci^ ay A^ ,»UW 
t*? o«stir iM toiiiUtitiai bawls oi' a-4 ics/ora b-aXoti cyrj,. aaovc 't«^ t.,^  AIMX? 
taoains ii-'lat© AVJL«*i,C>» liio a^ csy i>ara'^iiyiisa COAJLS boor alat i i ict 
p i t s aiiM isosiseso ot^arci* umA -^t^n^iii iv'lat/QB -..x-.:.,^; ,v^m.^,^i :.«&*• 
of m«r i{^ e©4,i43 t© ra^'lera tix? rqya to l>eco*,3e ijGti«ra4:.Qii@oi«a. 
are o^ 'Uaj liM^Ho^u. t^ixs aj'uJ, li^y tAJiaer^ o iiitrasi-vo tj.-^ '^ '^ rtl'i aa ovi-
analjfsea JLi wrder to XHui out the diraeeioionsu m& a tructurai vcxia* 
ti0ii3 i^i i t s oo€:^ >afkJ(ita iits; tlM^ dlil'i'Qr^^t m^ i^ outi^  tro(^« Trio 
aiX£er^£tt eo£i;>osias:it3 <^ t..& plikKi^ ^pooia i ly tlie aieyo«^ub0 
i^iisters and £ikarm§ mn iomid to vary vith Urn o^e o£ Urn trm&Q* 
t&hl»»ij mmmariMmi liio roaulti} obti^ JLiuia mi X@tH,tiii varintimis 
o£ slawe-tubo raesjtwirs in diffartjiit ago cgtoupa^ -Aiio lfjrj^ :>tla cjvoi^ j;^ .^  
ifJio^a Um aotia pa t tam 1:13 ttiat o^ laoti'^tr iniiialjEit @Kiiiliiti£ii4^ a 
coatiiuiouB ii'uc2''eaaoo m Icmi^tu tiiJL i t roaelies t£K.> laoximto in luu G^ 
ci£*oumC@ryxiG@ ii-'ig* 2) oand titc^ t^2da to roL^aiii oonatai'it ai'tor a 
s l i s l i t daciisiie* 
a oos3|»aris<m oi' 3i0V&*tu.l»o ui&o(s»t£i utiUk ti^ai ol XuoMgro 
oai^iaX ooHs si^ oifdd tliat tiioy ore siieuUor in ioneti'* tiv^ kii ttio motii&r 
i n i t i a l s (rig* §>• ^)o dtatistioaX egmlymlQ of tii@ data mi 9U/v&» 
tu l^ lac^ cabars siMMs tliat t£ieir l«ai»^) srrttfago i a *me yoar old st^g 
Oi^fers siinifidoiitiy frtm otiK^r o .^e £raui>0* ^km «y^^ot avor^igo 
oX si0ve«tab9 oeiiiNBT i@ii4,tli lios bo<ii'i c^'tolnocl ill tu-«J csi circiju^ 
f^r«ntial aKis ana i t id signifieantly iUi^or otrer tho a i i othor 
&B& iTOMP tr<»o& witi-i tho ^ t e ^ t i o d of 60 013 and 2 ^ oa Qiroumferen* 
atudios on the widti'i o£ ai €fvc*-*fcu«>e ijualaora lievo r€?voakHi 
tiirit tile raidiai tami trn'^^ntioX d l e ^ t o r s ifitorctoae wxu* tiic iticroa** 
fii) 
i'oreaoo ^ e^ngth 
or tlie {/ua ,-
arAa 
nsHiar rangontiaT mo^ 
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ing dlmot&p 9£ the axis (rig* 3>* '^hka Iitoroaao in wicltli la 
groduaX with tlM» p*o«rin& Qi,@ a£ tlie t ree cuid l a t e r i t tjecoca^i 
eonstc^t* liie taniiontial disusotors kovc beori i'ouml to be txkm&yB 
hij^her tbain tli@ rcvdial oods in aUL oee (>roMp3 troo&« i t iu furt^)«r 
not«d froei tiie tal»ie«7 that tiie rodiaX as weXi ao tont^^ntiaX dia* 
meters of 3l@v@«ttj^ o@iJ»ar8 incroa^te to tlK^ t%i^ ixiu£3 Q£ 3^ /km m-id 
41 Aia respectively in tlie oi^ior axJLs* 'III® toia^^itial oiaiadt^ra oi 
aiisve«tube it@i^ u>Qa^  da not cii£«;'er siiAlCJ^miti^ in the Oiil'^rsiit a^ j^ o 
l^roi^ tro@fi mA&pi, the you»e@at one, wiiisiiioril^i Xm raaxaX iliaiaeter 
oX dieve«^ub€ mmiibm*Q ki Um ili*&t agct i^oi^p aif'X'ors aii./ii^i^;u^tiy 
front a i l other a^e ^jpmsp ts'oos althayf^i tiKjr^ ia rio aiijitijCioaut 
<Xif£«!Wtce isi ear<stmi& atjoiii^  s o c l e s ol»tai£^Kl Xnm IDU Ci to jkju cm 
cirmusfersoec (I'abla«7>« 
Ihe <^ervati<mfl on nius&ier ol 3iovo*tuue ooi^ i^ ora xior i.mit 
area or eotsiSiJCtijn^ phloem in dlSiax^snt ego grout-.^  t£^ Q«^  rovoolcu 
tliat i t tedndfi to deoroase witih^  tl'ie ineroase i^i iJrth Q£ liio troe 
wnia witii £ti»or £lyetuati<»ui (i:able«7>* it)e d t a t i sUca l a^iaiyaid 
oi th6 data ah&m tiKit t ^ v^ i a t io i i i s si^nii 'ioant ii^ toe dif ierent 
tre^^si «aso#pt 20 cia QIKI 6Q oa cij:*Ci^ E3Jt«9^ r*@nce (^abie*?^* 
the transeetio^al a r^ i of i:ii0ve*tal>e 3»i::^ >@rs ia Um diffe* 
r t ^ t age Lr<:»4pa varies ^rtm 11* i^;^ to 46«y>7^ v ^ "Uio lowest boioc in 
tlM» yfatnigest and tlie is&xiimia in 1U0 cm oirouMJcrmitial oxia* Xiie 
tr@Eid t i r a t exl^bita a o<(mtimioua incroaflo and t£i«ti a uscreai^ 
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rolatiosi to tiie tMclmesa of Va© tna3k« I t iias IJO<M% xo/miii U^t 
th@ length sffwcom dUtmn £rom 1702«e773 Aia irom /outig to a4tl treoa 
(Tmble^7) rocordiag a tiTadual lacreos© wltli tlie i;rai/int, ^rirtii aX 
UK» iixi4i iFig*2}« Tho Inoreaso in loic^th twjb £k>e3i iouna tu l»e s l^* 
nlXioant* 
A ooyaiKirison oC r i b r s Icg^^tii wit^ ^ f uaif ore coJULs oi^  caobiuo 
iifi« ahoim tliat tlK> filircA irow 4*06 to 6*64 t laes ovc^ r tiic i^t^ior 
eeilA (ilg* 5)» dependixii^ an the age of tiie treo* 
The phXoera r ^ s ahon a |30sitive eaiTeXatiosi wit. tiie ciaxii>ial 
rojrSf aod vary in the sooa snarni^ r wil^; tkvs ixicroa0in£» 04,0 oi' t^^ 
treeo* Tito mmX^Bia of varianee 00 iiei#it of ^UO0D roye Qiimm tmkt 
tliey ao not dXii&p si^U^ioontXy In re la t ion to fjSHj^Xn^ ti2*tii o^ t^io 
t ree trunks» except tho oldoet (^00 c&) (Xahl4t«B>« Hus t a i l a a t 
rays have been xu^tiood Ju^  tlio I'JU^st tifo ago i^ rou i^o* iii© viatii m. 
roya ir^ dii:i'@roiit age tToupo has boca foi^ end to vori hotifeoii 2«f76 
ond 3*92 coJUUi in tfrora£;,e« iioro Um diii'oronee iii tortm o£ OQJULS 
i s only Qsrginai end i t doos not di^ior aigiiificoatly o i^c&pt In tho 
oaiso of 17S cm Qiii<cuo£orQntiai ajOs uliich d l i io r s aiaUU;ica»tly 
£rom that of 3 and 10Q c£t eiret.iia^^:*ontial OKOS ('Aahie^/. 
fahlo~9 illusts'atou tho roXativo ahundancc oX rays of 
dif^orent widtiis in the JLff(arant axial t^irth* The nan^ow roya 
iimi to hisoriato> oro found to occur prodojainantly in yiAMii^&r axos 
8 J 
'la'iUXo • a Variation oi pi'iioos rays hi tlie casWuctiiit. '^'-^^ 
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6V 
eoastitu-Ung 3B« ,^» ^ilXo tim broatior aaoe arc ul marci frequmit 
oeourrisieo in the oldor tz*unlss« Xhe tri and tetrosoriato rc^s 
Inereoso in muabor witli Una Inereasiag girti) oi' t^ ic euOa* t i l l 
ti^y attain a saoxLmn 4n ti3o oa&iplo obtoiined trma a Cx) 6;^  oiroiu-* 
forential axis aod thsn OdOiino to rise aeain iri tlxi oldnst timo^ *^* 
th@ fr&queemy of mlti»&Piat9 r^0» hem§ inamrvm'^ l>c«n raunil to 
Very £roa 6*3%» in tlio di^tforwit ago groi^^t the loi#ost boliig iound 
in tho youngest and th© higi:}ost in tlw 17^ oa cireumforontial oxia* 
A sunroy an tlie rolotive tro i^uoncy of ol)art« L^ oiiiuia asMl tall 
rs^ ys in tue dli:ior«3Kit @go group treos indicate %haX tiK^  siiort typos 
l»ro<lo£iinoiitly ocour in Vcm youngor stoos i«liilo tlio O^ HUUO type out* 
nutal^ or the short outs in tbe oldcx* trunks (Xiibie«9>« iiic tal l rayo 
are hoifover fountl to bo raore ^ roQuent botii Ui the yount^ oot as tirell 
as in 2^0 oldest trees* 
i^ gMiaddtfry ^yiMie 
•|he wuol i s of diffuse tyi^ wi'feh vcoaeX ixiros LiolXtery 
or in ra^iieO. iijultiiiiefi Q£ 2^*9 oecosioneuUy ooro i<.lat.o8 .•.^x'^,4 
A111«A«€} .iVl««U)« isolated vosoelfi «ro aloost eiroulor or ovaJL 
in tr£^aoci.io»al vi&u* 'S3:m axial patroacliyaQ ia al%mdaiit« opotra-
eh@al ioroB tan^mtisX vom o£ sin^^Ie ia^or aXtemaUkng with the 
^ibp« u(i^ ,jB ^JLcii i s eo£ajfc>©oed of 1«<2 Itayer u^latos .aii-/i»w| 
.vVI«i)i« iioth bonds ar« iiitorru£»t€»d lay ^1<M roys* Ihe vcsoela 
ayre vas ioai t r ie 00 the x)iiratrQOl)oal axial iWtmnohymi ourruinds 
'i'h@ Qcid imilo of voaa^is ore t i 'ansv^se lii tiio oM&r 'ij*u»ii ^iii@ 
i a the /ouogor oneo tl^ e r^ aro etoiiquo U'iate <viy»A«Hi;« Xlie i a t ^ m i 
wails 9£ Um ves^M»ls posoeaa <3vercroir(i»d aXt<^nmt&iy s^ rrotfii^ iKi ci4« 
eular Ijordcroa p i t s witii ©iXipticaX fi^psrture® Ula'^^t^Aj.iiUi 
Sh«r ^iioeratcKi fibre ol&aeiits Qi>i>eQf' em &il<oa^ted s tructure 
with tQpm*iiig ends* l^ l^ ey 0i,4>e£sr to uodorgo a^vicai aioot^i^oo 1^ 
psons of intrusive growth as Judi^oa by tbeis:' a^*ioml struOvursi 
Dimilc^tatiocis mich m a&n^atimm^ Sopkingt baading oto* .^'lia in* 
trusivoiy ^roim QlMmemta po&a&m nmti^ i o r s i ^ opioci. parts m^e u^ ? 
of ooQiparatively tiiin ceiXuioao %faUst ooclOGi^ jg isii££,sr huae&i and 
r ieh in oytoplasisic eontoats* 
h@i£^t i^id vidth in taisijontial view* tftio lieiglit i& ioutKi to vary 
froa 1«66 cell/i wliilo tlic wMth ran^oa froei 1>»tO cella* In rauiai. 
ooi^ icNMd oJt cxUy laroouisliQat odiJkjB liut oeea^ioiiaXly l^terag«adoua 
r@ys oro alao found having proeu£3l>ent as wall && i^iwlt^tl ooxjji 
(Flatty iUKi^iijm 'uiQ ray colla bear ais^ >XG p i t s mid ar« at tiaats 
f i l iod with toDniXeoraus 3isb8tai:icco ia^laXon ^ i.Xii;tU»J| .aV«-ii-^| 
:£he wood of DQBfteaK ^ma^toPiqi^ being di£.fiu3& porouo a i^oi/d 
no cULstinet groirtli risiigs Imt tlxj o^muai iner^rsieK'it &£ %^ jad i s roeag* 
tiltdl»l« by the pr^<^»« of a Tew layers oi: £ |^>otraclidaL paronoliysiQ 
file aimuai incrinKmt at xyiiKi i s ecansia«rat>ly i^i^i coopciroa 
to j/Hiamsh 'ikiexit id a omitimMus aikUticm o£ \iijod ^im Uic a^o o£ 
tim tnmUL^ iXit in cone of phioea ootti ^Idit ion oi^j. oubetraetioa go 
hand in bswi» the l a t t e r ^ e^in ;^ ls*< i^^ i^t o^ KHit by xioeXing o^ X oat<ir 
bfiK *^ 'iiKs |>oeiing ro^^^orQ Uto hox'k to f^ KihiCo in ttilekiusas to &XSQ 
ttxt@ntt aithout^t i t incrooAod atoacUly as tho ^Q advances (fablo* 
10) • 'ilia vo&i^/\ieFH x^tio t^ uBi iitucli(Kl in diiforunt .\ge j.<r0t4> 
tr^»©s has rmf-sGloa Uuit i t in&reaaes with tn@ incr#c^in|-, oi^tii oi 
' ) I 
Tabile • 1U 'iriiiis«etioaal orm. oi ]»irk aad vciod in relatiioii to tli& 
girth of tree axis af i^ ^ a^b^  Mi^ tMirlifW^ 
ferenci} 
£ th 
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xiith Urn imsPomUi^ B^M oi Urn 3te% t ie ^HAMI luao at^ -^ JOai^  
t o uad«rgo eonsidarable voriaticxi in s tructure oo trnli aa it^ cii«* 
Denaion of i t s Gc^^onfiaito* ^le saioroacKStpic oaaLysis of sopwocid 
OuaL Ineroaae i ' i rs t «^^ thoti a e^nistanoy ui&« 2^ i^t*^ ^ Ui^ .' tjrgtfJLni^  
al2@ of tiic t i oe tn^siii:* Ilie c^ciroi^e Xangtlt iios boeaa toumd to vary 
betwooD 322 /^m and 421 /ui% tho Imnmt boiiig in /ounc>»3t aiid tim 
maxinua iii tbe tnmk oC 1 ^ «m eircimiear&acG itahl&»^^J^ n o&agGk'* 
risoti &£ VQQml ImcUi vitli that Q£ lusifarisi cei.iG o.^  ca£.ii3dU»3 siiiotm 
tijat tiioy or© OXMU^Q obortoF UMMI th©.jr oot^ior ial'ti..iis U'ii.« i>>f 
litdioating tii^t the iv^H&cm oeilo uncktrgo trarisverae uivisioti too«* 
£or@ t i 3 ^ give ri@6 to Vii33J$oI s^^Gaents* 
Hie voaoci. sogoi^iits ol tiio yi^ KH^oat axis anaiyaod «IQV& 5i^)i.«» 
fieantiy sliortoi* lai^tli averac:,Q Uiofi otbei"3 aHeoi>tiii4^ ti^at oi' 20 cu^  
cir«iaf^:H3no&* liie ^iii^ieat i«ni^th avcrag® recc»:'ao<l in lix^ cct c i r* 
ou^GXHUitial asciSp i s itoynd to ciiXf^r sit^oilief^tiy irgfa tiu. yotai^^r 
axes while i t does not aliow any si^^niXio^snt vJX£er€i»CQ ovor Ute 
oXOdT Olios iIal»io*11)« 
/ineUyais Q£ tiia da-^ oci thu wMtli oi' V0S£ioi OQumnta lioa 
rovmLlod Uuxt tho radial and ton^ontiai dl&emtora ^3mf a grmiJmX 
Snor^Gmt with tlie iner^ialng di^aetm:* o£ tho axid t i i i a oatustcuiey 
i s oaiTitained ki tlio oia^r Bsme U'IB* 3)» 'i-lKs raOioL Oiopotor IMJ^  
aXwaya boon fousid to tx' inauro ti^an tkm tca^entiol onos in axX the 
QSo l^ :*oup troeo* 
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n 
av^sragt of vessol 30£;£aaat43 lias QtixMn tikit tha rmXlal Q& weUL ouB 
tangoatlaX ilataetors in tho axis roiiipUHs -^roo 20 cm to >ia eia 
eireu^flr@iie«» ties s t a t id t l saUy inor^osod over t m yojei^eat <xio 
^lilcf tliG^ do not diii 'or in 3^ GD aoel 60 ca olrciic^'orotitlal WULA 
Bjad ix^m oae another in Um ol4or oxes ilabl&*1lA 
/4i aoaiysia of pore nmabor in tronseotiona haa rovoaled 
tiia^; U%&y l^aduftXiy deoroaso witli tbo incroaeing &ircu£ai'ore»ea of 
oxli (rXate /aiI*A*4>)« '111© nyiabei* of i>oro® por od^ araci vary 
£i^^ 79A<^0 i'lHKs youn^ettt ta tuo oldo&t s t e ^ Xi'«c .poro ouiai^ or 
differs ait^ttliiftsfatly i& t ^ kUSior&at age ^ro^p trees on s ta t i«« 
ftio |ioro QFCQ in m>od trunoeotian iios l>c<@n fCHJIUI t^ sliottf a 
Gontinuous ir^r^@ae iollo^od hy a gradual aocri^^^o witii tiao incroas* 
in^ girt^i of UiQ axis with the oui^ oo^ t^ion of 6a cm oirou^arcait iai 
HJOA ii^ie* 6)» 
fik; j^'Xea fibroid olao exhibit a ctan^aexabXe dioonslceml 
rariGtion witii the i^rowiric ^o of tiw t ree truak* A s t u ^ on 
meeerated eleoenta ahoire tliat tite length carera^ incrQ^BQO arm^^ 
al ly with the ijaoreoflini; g i r th oi' %km tiMnH U i|i» 2^, i roa IjaC* AICI 
to 2302/um (X£a»ie«>lt)« Tlio a t ^ t i a t l c a l ^iialysia haa rmroolod that 
they undergo siipxificcsnt ien^l^ inoreaae \}ltki the advancing ace -^ i 
the atWEd* /» cooparisau oH' s^leni i'ihre iei!2t:,ti% witli i t s uoUmr 
In i t i a l a In the dlff^roi t ago group trees» has rfiveaXaa t^iat tliey 
are i«6a*%dQ tioos laa^&c tlicm tiio oaci>4al i n i t i a l s Ulg* ^>* 
i^ iie J^ioa rays Hicc liJe itiioeo mim$ oLao iii«3^ a poaitive 
corrolaticfi wltli tbo eaiiS»i&X rays In alze vai'lation i^itli o^i^icitii^ 
a£^ 01 tiiG tree* liiey liava bccaa fcHsid to vary wiirfiJki a nmm ^ 
1"66 oeila in iieil^t oDd 1«»10 coJUs in viath Iti <Ui:£erunt o^e t>Poa£» 
truas* Ihe maiiiisuo boiglit ^e ro^e haa betm notlce<l in <^@ o24o3t 
tnaak agki tts© fi»xlia,in widtti iii 175 era ©ircu2Jfer<mti.al a?cia iSabie-
12), 
Xi3d fitatXtilO^caJL au&^ais CK^  the hcii^it mm'-sm u£ ^lylim r^ys 
In t a rm o£ Ct>il«, In the different ag» iproui* troes i-iao n^-^SMa tlirat 
i t does not ^uJiiQf ai^^iMioafttly in the dUfaretit m^ i^tmtii t reas 
©jccept the oM&at tnjBil£ armlyaetU .iiialliarJ^t 1*^© ^ i a a rasy width 
iias no al4»ifioant difXoroJi'iOo iii tlje diffisrent BJ^ ^QM^ tre^a witi* 
a single «»eoe;>ti<]Bi of 17!> cia Qkt<i\m£&i^ma& C£abX&~12i* 
t a i l rays alao exhil>it ocusideralile variatioi^ wi-i^ ii tii'^ > advasaoing 
age of the t reo trunl&« I t boa been noted froo l'ahle«1> that tho 
short t^poo prodomina;atly oocur U\ tlie fmmmf stoias lamx in ttie 
oldsr onos @sa»ept 175 om cij:x»JU2f t^43!iti(\l oxla \^ ic>r0 th^ l>roader 
ro^'S get sx^llttod into siaoUor €intitic»» whioh rodulta iii Uao la%ro0t 
frotiuency of t o i l rays* lysmmm:'^ a hl^i^r frotiueciey of t a l i rays 
has boon notoa in tho older oxos than in the younger ortes. 2hci 
oediuB VPOS vary froai 3cHt6,j is% the difforont ogo group trees witii 
no i^naist^itt £«iLtt«m« 
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aialLar tuajl^sis cm the ra la t iv* XretiucMicy o£ x^-'ioo rays 
oX ircii'yiiig wiaUi i» tcsn^ciitlai view o^ tc.e diJl '^'o»t a^e t^ «M4> 
tTdOSt i:»ts r«fvoaXed that Urn narrtyw rc^s are oar@ £ro<ii.K£it in t^io 
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on %£>ib dist£^4»o £xHm pith or ^s^%sX eyiindar iiai>lo*17^* liK; 
fiuc^csr oi: royo cjor ys4t area va. i.oa frcMs 4aj vi-'i^ t^iccKi 1;^  tiie 
'itK? d4jfci"erQRt types oi^  rc^a M rot,ards t«> Uiolr wMttif 
iiovo aLdo beaa anoiyaed In roiatlen to aiatatiCQ from pita or 
caQ4>ial eyiimkar in taneoatial via»« 'ilio Xro^ ii^ oiicy oi' nanfow 
roys iueii*4>is@£'io'to> ia iilU^o "^ '^^ ^^ '^'^ P '^^ ^ ^^^ i^)^ ^^ '^^ ^^  '^^ t 
viyj« tlie taroaa rays 4tetra<"uuitia.^'iato; oemir mucG fre^iuet^ti^ 
ad^oecnt to ocu:iE>ial eyliiidor t^ ion tswo^  fros i t i^abie»ia/* .^ io 
tri8«»:'iato rays do rwt aiiew c«^ regular x-^tt«^'n, arki tix^r rantsc 
riJ 
'xhe Qhonot'S ia tlio ea^lym ma i t s Oorivatived t^iat «»oour 
along tho troc tnaik harro boon analysed la relatiffii to jit«@ b d i ^ t 
frO£3 beao to £^ >€9c« I t tma boon XouRd tikit tha oaisblal dflrivetlvos 
alao tiod to esdiibit a sJLailar tmod of a ise vm^iatiixiii as tiieir 
dotiuur initiaXs cio* 
Cai^ial c<9^ ip3Ki4mtd undergo eimai4erabJL© aimoaaslanaX m woU 
as QusierlGal vax^latlon oXom^ tt^ e^  troo o^sis wit;^ . tiic looi'-casia^ 
hdij^t from the boaa* Xha uvera^o iG»i::;th o£ fuali'aro ijiii,iaXa cioea 
not show aay aet pattern k'i r©i4%tlcsf& to lioii^t Icvola* iiJte poaK 
i s rocorcjbd a t a lyniii^it of 10, (*9 aetur-s £x^a ti'jo Uaao Ui^* 1^ «^ 
Thm leaoirtl* avorafio visries fro© 350-416/U© a t vax^ JUafe iioiiJiit ievoia, 
tkm ainiooia oocitf^rlAg at t^^ t t ^ ('i.al>Xo«1;^ )* i t^ ioiti^yia record 
a rapM incraasa in XCEIC^ avorage l a r a aitort dist^io© i^ a^ewarOa 
rroa tha top and soon 4;at atdbil isad af tor tiio ooaocui aa^>JLin^ a^ >ot» 
17*11 ^soters £rom tiho grmMuU 'j^i&r^tQar$ tliaro i s MO ai^iii iocsit 
voriatiOKi in ealX Im^ni ^mm. l^ n^  ata^t axoapt a i&a CXuotuati^aiia* 
^ t a t i s i i o a l mmXy»X& l^idieataa that tlici ^'uaiiunii i n i t i a i s 
o£ t<^>eoat aaiiixLa dl i fer ai4?iiiiCQ»tly in tJm iwatith ovara^^ iro© 
those a t o^sar lovola aioni^ U o^ troo oKis (^ abXe«>19/* 
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'iabla * 1^ Jiae variation oi iu&UorQ ialtiaJL0 aXo)^ 
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i i i i t i a l s olonB tiw tTGQ eu i^o ehmt tha t the widtii increaa^s graiiu<» 
eOJy with deeroaaing hoJ^^t t i l l i t rm^^)«s a siaKiouci a t a h t s i ^ t 
o£ 10,69 saaters i roa the hea9* m ^ e a t t a r » i t teiiOfi to deftiine 
towarda tcxo boae it'^ 11)* ' 1 ^ ' 'ks»6«^tial widt^ ji average has 'i>e&a 
found to VIIS7 IroQ 26*7 yU» * 37*9 Aita a t tiio vai^yirtg iiei^^t iov@ls» 
iima reeopding a 42»1Z» variatioi:! (i.at»io«1^>« Tha ta%Q Q£ &^}mi*' 
aian oi tho i n i t i a l s i s oero rai>i4 i» i^>i«&l por-tiona ot tim atmi 
t lu^ in the loner pa^"^* '^^ fsvorcn^o width &X Vae i n i t i a l s a t t^o 
top diXiorc si^iiXioanti^ Xrwa that in otrtor i>Q£a.ixoi}s, 
iloaaurcisiE^ita G£ o a ^ i a l rmya in t.^ni£;o»tlal view* Si^iaariwHl 
in t€a>lo«20» i l l u s t r a t e Um hrjXipt t$id Hldth :tv«>raco at ostfi^ial rayat 
in tcsTrne of t i e ni^J^ar of ce l i s a t dii ' lorsnt Ijoiijit ii?VG3js aloni. 
til© troe* iloitlior the rorsge ruxr th© average oi. a»c ray he l t^ t alsons 
any oienlficant variation froja one i>oaition to oUior, oxo&pt a t Uac^ 
chest haio^t lovol (1*^ metora). lio»€fV@rt they ao axuil»it a oonoi* 
doral:^ rva^iatlmi in widlii avora^^o mid rango* alia ua»dUuia widtti 
i s rooardad a t a iK3i#it o£ 7*64 £>ators frois tite baae MLix^i dlffora 
sil^iiiiocmtly Troo a l l otb^:* positions y^iwards oiKi uowiwaraa* ^im 
c a ^ i a l i^i^a aituat«d a t tim top isvol i1S«ii laoUara/, are tiao 
siiartoeit and na^TOm^st* 
iY&iumkG^ o£ oac^ti^il ray® deoiii'ies wlta tiic- -uiocroasin^ 
hoigl'tt, fiM pecik i s rocorcSO'i a t tlja- top isasitioii i.J22-7'^ i-*ays por 
imit>» tbo Mniouis a t tiie baao« 'ilio ray nuisttar iiiX'i'Qra s io iya i -
cantiy a t tiie OiXforafit hoi^M levels* loa^In^ a la*f Q^ojOi^ tions 
Umblo -^ i , 
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S^ci^ i ^^ *^ ^  *^ ^^  vJUlt^ ^ I J I e o i l s woat^ial rayis/ 
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I t has ho<m »ot€Hl tliat tho i'ine roya (imi^^ijs^eriQt^^ 
dojaioate other® a t the top Xoiml i10»j^3 laetfira Xroo i:>tide>« nm 
ual^aerlate Q»a biaeriatii r a ^ coXleotivoly ooeistitute oibotit 3 ^ 
76 i of t o t a l Pay popfuXatlon a t tiic OUrxcrent height io i^ ia , vhile 
tha tria&f.iriat6 roy» forti 11-»3K*'i {labhs^M* Hie i're^iyerioy a£ 
broc)4 ra^s (tQtrei«H3uXtia(^iati2) M U^ toj) omsple M very iow i2,^/t 
but i t r lSi^ to 22 ^ JA tha s^sond saopXe i17*11 octerij front l»a»e/« 
Furthor doun the stem o^is tiieXr fraquaiey does not uil^er @ucli as 
i t rQi3|^ o9 frotn 31«^ai shokrin^ the laoxXmrn a t 7*64 i^Dtcr imi^t 
i eve i . 
/v survey o£ oti^rt* (aediuiii ami t a i l royd imlioatoa tiiiat t^ ic^  
short r&ys oocur to Umix* mEixXmm a t the top ^x>aitiOEi i18«33 a»tor&/ 
witti i t a iroqiiGOcy varying Xros 4i>«»5^ ,^  a t varyiiit^ liuii^iit li^vels 
botwmm 1#^17»11 laeters i'iaidi£i«£1^* ua the ot^ ioi* ijaodg tiie rays 
oC iaedium hei^^t reoos-^ a b i t lili^wx- iMsaroenta^e a t i*i^ >iiei^  xovois 
tliaa a t the Xcwar oci@& vfiUi an issceopti^^ oi U^ &c^>iC' ol^taiodti froci 
a h&i£;^ 'it of 7*64 aetox^ i^ u»*0 iax^m aioa iiediyo-^kiort xw'^ <^ *o ooro 
Xr©*:iua;it tiiari a t otijcr h c l ^ t icweis aiiaiyaed. iiabic'«»E1 ar*i rxatc 
Vill-si) . TiM3 fre^ iueaficyr o* t a i l i*ayo taoda 'to rc<Ksra a iiitiiier i>®r-
Gimtoi^e wit^i the doer^a^'i^ lidDl^it ievc-ls t i l l i t attaJUi;^ a t-saxlr»8.-1 
a t U*9 m»t@rt» l£{V@i« 
'ihuSf t l ^ va&oular eoLihiui^  in the ic£vedt4.£ai(xi ajooi&at 
exhibits a rmmante^lei o^u i^^ e i^ i i t e atrueturo aha cK>^ >QNOition i^ ^ 
reXation to hoXc^it oi' tbe stam iroct vhe i^'uund* i.»iti:i tuc- abovo 
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ch:mijOB tiw raMtlve ixt^oFtitm oX ray mm timi^orm iaitJUla aXm 
ohfmips canaid^abljf with increasing atem h e i ^ t « I'lv? or^ m o£ roy 
initiauU as oc»tlrmtd4 in tainc<3n^^>^ vicrwy iacrtirao^ i^raOiuoily 
totfsirds tliQ base to vmesh a laaximM at a iK.i4^it M' 7*64 fusters m^ 
prop«rtlon oil" i^ oaJUtora iiiitlaJUi varies iro© 2>V75.-> a t v.:iiyiai- u e l ^ t 
ccmstitute tho mioilmm aadunt i7i:i} oi' iuuii'ort^ iAlti{..jL^ in t&iT& 
oi tom^trntiaX area a t a i'U»l4^t icrvsl of' 17*11 i::Kit@rs cu»... ^.J^^ 
POS30S3G3 t i ^ ciaKiuiaia miiiiiier i4-9/ Q£ ^md^r mi%lQXi\ i^ox^ time-
i I;.) 
and atruotyre QXOOQ tha troe ccdLfi* Ajaoeig pliloaa OE^qpotiotitSt sisse 
variat ion i s ix*^aiaeat in 8i0ve«»ti^ cKieiiere 
Ttm lonsth dverai^e of ai0VeM;i&d>@ nismbers UmrooAoa ^adyaXiy 
i>ao«Mar<ls i^ roc:) the tc^ ip C^ KI rec t^li@8 a siasiiisusi a t ia«6:^ actcira froo 
the grouBd Uig* 10;«lt vari&a iro&t319«-4<^ Ats^ tl:ie loi#o0t vaXuo 
o«eurrln£ a t tbQ highest l^vei aaai^QBd ixahlQ"^)* i^atfovar* a t a -
tist ieaX analysis rovoals t^icit the ^isanrml irsriatiQa ia ciO^ a|)|>a«> 
ran t asml aot sit^nii'ioont csxdoi^ t a t the Xirtit aaq^ >i<2 coiioeted i^roo 
the top ii:aUie«^)* A cos l^^ ^ariaaii of siove-tulKs i^ ae^ i^bor Xoisth w t^l^  
tha t of fuaifarm i t i i t ia io aliofiftt that tkm forLJcr are gtioaraily si^ur* 
t e r than the l a t t e r irreepoetivo oi tlio dtem bei^iit ic^voi u i4»* 1>;« 
yidth of aieve«<tu2>e tm^b&tB also varlaa o<i6Bidos*uluLy at 
OiJtf erent h e i ^ t e * Doth te i is^i t ia l aoa rac ia l diaoatara ox alove* 
tube eie^eats iiK&reaae ^raduaUy with the deex^eaaln^^ lioi^^t i^^ola 
(Fig« 11)* The taagential diasieter ia lnvariat»ly Xargar U-am Um 
r ad ia l one* ^ioth Oia^ietera r^eara ttieir mo^imm a t tl^o loiroat 
hoieht level i*abXe«-22)» !a»o taa^aiitial OiaEaotci* m. sieve-ti*bo 
Qotabers at tkm cheat h e i ^ t level dXl£&m aioxiiioatitly iroiii tiiot 
in ti e oth^* poaitioei a l t h o i ^ Uie iitterpoaitlc^ml aifi.@rei^ c@ is 
not £iuch profound u£>to 2/3 hei^J^t oi tiia t ree i'ruQ tiio bcioe* ^^ wi 
r ad ia l dia@etere recordiKi a t tliu oi:iQst liai^Jtit ami a t ti-ia t«^ > o£ li'}« 
treop di£ior si£^ifiaantly from thoae obtaiinea £roa the other 
aaf^lini; spota* 
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growing tml^t iovoL £rom IJOSQ iaUm^ tsic UQQ a^is;* 
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hu 
.«. ThD nitsmlzy o£ Qi&v&»U£tm oliM&ais par uni t ormx £^sa / Q£ 
conducting pkxJua&i^ ineroascs i^roduaily ^Itti Uw kmljut oi UIQ atcti^ 
a t tho dlJtX^rent l«ii#it JU^ veXa* iiie transoctional aroa oX sieve* 
tube oleiaeKita p&r mer^ on tbe other bamlp Jiu:rea6«K3 t^asauaUy uitli 
tlio deorcKsysing ^ 1 | ^ JL&voX to r&&e^ & iinatiimiB a t 10* 69 cietcjir' 
h « i ^ t ond l a t i ^ tm^ to boooiie oaoatciiit after ^Hi^oriMioin^ a 
sil^iJbt <ldcline (i ' le. W)m I t varies i'roa ^•4»72«G^ f»fflr iiia** of 
the oonduotins ptiloaia a t vorying iioiaht l eve l s . 
i-ikewiUe, the li^gtii iW€rQ{,o of iihi4>®£!i i'ibroa a«crotmo0 
IsTaduaily witii ijEHawiag teitii'it a-C t4:^ &o iytis» i t varlos i^roa 17(ia« 
2921 yura alceie "^^ stacaf %fiti. 'iim lUMteat r&hm at tiic top csid the 
highest at tii« ciu*^ lioi^lit iuv^i vXi^lc-^22)» %im .;ils^ ?4S in tiiq 
u^ 4^>er pcarfeKwia oX the stoa asre oiauj:ili"ia::^tiy a*'K>rter tli^ jiri tiiase 
a t Itiwer I'^ola* 
i^  coi^»aria<wi oi' gUlo&m f ibre ItsJiiith wltii Uut u*." I^ i^lsaarfa 
i n i t i a l s i'naA x^ ^^ vcialcKi ttxat tho Jui^ma o^-e >>7«u3 tiooe Icsiger t^ ^ari 
tl-id c a ^ i o l cei ls* d«i|>endln£, oit tlia pcsltloti ci' t^ i& ^c^Ulrig a;^at 
alflttg the truDk it is* 13^ • 
i^ hlooL^ i ro^s have t^(m Xouoa to ojtiJlblt ccaruj^ iaorjjiulo vorlatlofii 
In tholr height rrnim wUJLe^  oei tho o u ^ r Ikm/iA^ tlielr hciiiJit avora^ t^i 
(l0i»s act d i f ier ^^l^^alilcantl/ a t dllforer^t l&vcM^ oMxaa ^ ^ troe 
cydLs (*'&hle«^/* e^ldth avorai^ i^j ol |jiilo€£2 rtjiys aiioeru a^ liMsroaslnt^ ^ 
t r t a^ wltli tkiQ decroanlog st^a l^i^i t« vmXilmB a r;if,iKlfmtf.i a t a Ij^ltht 
1': : 
^ ^^ g^c^ Btx M(la?Hir^¥^il ^ re la t ion tc too iteicl'it 
XevoX rrtjffl iKiaQ galore tHo trme aauus/. 
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9£ 12*22 eetors Irmn the pi'ouadt ar^l tli&roal'tor beoa^aea .^tor^  fir 
1038 C(3neta)it i-2abld«23)* I t i s Qii^ilii^€£ktX^ mwtXl in the f i r s t 
sa^»Xing 6^ >ot* 
fn onaiysia of Uke r , . iat ive i'n^uesw^ of i3ii«3ri-» EJoUlue aod 
t a l i rtiys aiiows ttiat tlae short vo^a ara tS^tiinojit ikU3.-^ }» iii taa4,oti'&iai 
vifiwrt a t tiKi tG|» leiv&l o^ tl'io treof i^idle in i^m i^rniaiiiixic sMM\>lhii. 
SiMOtSf UiCf^ ooniSidore^:^ Is^a i^ i itiuslHjr mai do not I^ J^ O^ .i:%a6li mj^erl-
coi vorifiticei eisec^Jt a t 7«64 aetors iwi^lst lorol \,*al»i©-2^># '.^ ue 
froqutaicy of t a i l r r^s omiibltts an irKiro^a3inc tA**'©rid iroo tkk^ tap 
baao^«4iM3» attainiftg a rjsa^ XsBjea at t^ uu basot ai>ai^ wita Um ejcooytioti 
of ?»64 '^t&p l¥jU.^it Icfvoi. 
A siialiaT ariaiys^a CHI rcj^-iv© ^ro^^uaic^' c?i' v)iiiooo rays of 
ViiTyixig widtii itkUoatea Uiat iisio rc^a ( is i l '^ lsorlatc) oDnotiti=te 
awmt 7^ ;8 oX Uic ray x^>p-^ iXati-<3KA a t t^io tx>Pt ^^i^ic ""^ iay vca:*y i'rt«a 
24*^i J in the rosaiiiin^ lioi(jht iovcis i'iabliH24}. i t la xm^tiiier 
notcKi timt tlic Xow«st iV©«'iy€Si«^  ol" ISHQ rq / s i2%-/) gocur© ^prtaci* 
oatoly a t 2/3 lieistit of Ui& t r ea , ASHO t r i s a r i a t o rcsya aa liot Oi«*w 
any aet iJattom OTKI tiiey vary i'roia i2»2Bn a t dUTiaroot iieii^it iovola* 
'J^hQ Sr&ii^may of tjroacl rs^s Ct€>tra«c]uutl£»ori£it0> S^ MJU^ I^ a aiiarp 
increase witli tho «i9creacii]i|; Icnrel ol sttoa ImiiMt t lU. i t aitai^u^ a 
pools a t ^ i i i e i ^ t o£ the troo* I t aiious a Bicm a;d otoasay decline 
Xurtlior topirarda tlio boao* 
la 
ttm wod^bark ratio ^iMbits a eu£itij)u»ua daorcfooe with t^ e^ 
inoreaain^ BUMH imU^t* ToSaXe^Z^ IXluatx^tos tlte relative r^hMm 
o£ tuood md l»erk at a givoi hoii^ lit o£ tkm truok* '.^ m ^ropattij&n 
9£ wood foUoMss a gx^ l^ua^  d&oXine .droa t£i@ base tl^ tree upwrnMs^  
vhile tlie ^»H8it of b^ rle israduaX2,y inemasGA. 
k^lia xyl^a Qpp«3r@ to^  i»di^go oonsJUleral^ le imriatiori ia i ts 
eaoiso u^ £roQ booe to ctpotiu Th0 vofi3«X aegsiaats do not uhag any 
eondlatofit patten of length variation CFi^ lOj* ihoir iongth 
average Oooe not iBCiUbit m^ aiipifioimt variation .CraB 1*^ imtw 
to 17*11 oetor bel£^t Impois oB»opt at 1Q«69 ciotors Claljle-^). 
Til© £irat aaapie £r(^ Vtm t&p Q£ tkm troo poasc^aaa sig;il£icatttly 
aliort voaaol a^ i^aieiit«t c«^»ared to otiiar aa^loa. A coei^ a^riaoii 
o£ loa4sth betUGOi vt^aol segoonta sn^ iuBlimn initials has aliowa 
tliat the toreasr ora oltortar tr«ork tho iattar at aH lioiiJtt ievala 
Ttm roidial as if^il as tangantiai dia^ i&tar of vaaaei a^^ponta 
Bkmm a a?^ *mliial 4oer@@jEia vitli iiioraaaing lieiiiht oi tho tr@a miia 
(Figuro«11^ iladiai Oiaiaetor of veaaol aegmcnta muoB&^B too^ ^^ antiai 
diaoatar but only upto ^ 3 liai^^ l0f&X o£ the troa arui tlDs»:*aa£t<»r 
the tangeeitiai diaw»tor o s^aoda tho rcediaJL ona I'urt^sr touarcia tJi^  
top* ;itQtiati«al aimlyaia haa r@vaaXaci that both raaioi and tao^on-
t ia l diaiEaet€S^  ahov a aijpU^ie^t diffarmioo £rfm mm poaitioa to 
the oth^ d(^^Ming on Urn laoi^it lavai aioiH; tlia trao 'Uxeaki'IsM^^Sij^* 
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FiguTiis i^ i t l t in partisatlioaeo lriai.o&ito Um risiit^o. 
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^^«roseopie rnioXyela o£ ftc^pirood tra&seetioos Jaas al^ oMn tii.it 
tha pore iWBb&p/ot^ graslually Icereaaea Uroo aa«*1oa6} with tlid st^ ia 
heiitit (fabl43<^^ and Plate /axx^CtD). fh$ froqyouey dijCftSira @lgi:a,» 
f ioant^ iy at 4Kf eront ^i^^t Xov&Xs* Xhe i^ ore oroa eQtimkta^ por 
unit area oi* vood tra&seotlona inereosad (jj^ aOuaUy vXtb tite 
6t«d heii^t mid rm^tm a taeiifirufi at t^^ to|} of tbo troe Ui4* t4>« 
A stuiiy Qd maei&e'&Xexl ^lom filxros i^ aiS revooXoii a e^ MitsistQat 
deereaajytig traoa ia their Xafit^ th mta^mm ^^"^^ )&o»^  ypnarOs Uig* 10;« 
Xi)@ fDvre Icsngth varies £nm 10&4«ii^ 17 >» aLons tlio tiNse ajOa* tho 
V£iriatia:i £r(^ aDi& poeition to tho other boini^  &i4 :^Uj:icaiit ^Itli a 
few Oicooptions (T l^i^ Xe*^ )* 
a ooci^ atrlaQKi betveon tho longti^ i ^ K^lem ^i'^res and fu&ifcMm 
ioitXaXB baa rfinre^ uLod tlii&t tho fibred £?roir 3*01 <»&»a7 tii^ ioo «3V{^  
their Giothor iaitialo at varying hoi^t levoie i^U^ tjjm 
atatiatioal cgia2jraia of tlie data on wood rays Btiom& Um% tlio 
roys do z)ot difiTor ia lioiglit dVor;uiie aii^iii^ioimtSy at ciiff«iro£}t 
heigbt ISWQIB oXon^  tSae tree a^ dis* k^JnoveTf tlia width c^ troroge iai<-
tioXiy iaereaaee (upto 7#0U zaetor Qtesa iiei^bt) tl)e» reoains conatant 
t i l l 1^ *28 laeter hei^it ImQl am finally cioolinos at uy& top 
(^aiae«£7)* Hic shortest (>&3 oolia) aod brooaoet ( l - i l GeU&) 
reya iiixve been otieerved at 7.G4 ctetor 2iei£^t Xcnrel* '^im vtsy wiath 
doee not eliaw apy ai^ i^ijCiomt variation £roo ooe .«ositioti to aoothor 
alod^ S ^^ Qtem ommt at 7*64 cmd at ia«33 Dt^ tera o^^ i^ tbo bctae* 
1 Id 
lioiabaae f||^to^^ffl|g in relat^ori to Urn Sioiyliv 
levQA mjoTaSSiaiong tho tr@o axis/ . 
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Sbe re la t i ve ^requaac^ o£ ^icsptf >3@«li4& s^ i taU. r ^ s 
clo^e not axliU^it QI9^ ^cisid^nsSOe varJUitlcm wi t l i ^ le 4&^^d£ia4£ii 
ohowB tim mkKimm £tmimm^ at ^i«irt m^ taUL ray&» «ro^iueac^ of 
tan mys Ifi low i7 i^} at tho 7«&4 aator b^ig^t ImmU 
aiffitl,girly» ths r@l£-itiv@ tr l^i^ c i^Gy of ss^ lom r ^ s o£ vcsi^lug 
«ri4th ohanged aJL€»^  tli^ tni»^» k'$£m t^a iumiM^lnn^iat^) ooaistitute 
^ i of rei^ poimlatiixi ^ ( ^ ^ t hsi^ibt miMi fa l ls allglstlir a0 Mm 
I l^g;l3it l»Gi*ea£i&3t ^t^ again i t ri0@@ to 60^ -» a t t t e 1^ 3|^  airoatl ra^s 
CtotTtt-iaultiaoriat©) 00Ki8tltut« i%<, a t tik; £ir@t aaiqplixta g|^t arid 
ti^ eei tiMigr ^isiiibit tm imssmm^siQ troci^ f#ii.oifad la^  a araai$ai Ooolitte 
I i 8 
thdir Oorivativefiy hos been analyaad I& reXaUoa to a) tba eireua* 
foroocd of tim trui^* l>ji ttm radius of tlio trunlt* @tMi o) tiui 
hoii^t of the steo* 
CorrolatiflB wltii oArtME^ 'orcDcii* 
M aantioood «orliar» ti^ length sfinarais^  oi' dlCforont 
d^ivitti.ve c€c$)on«it4i vurios in reXatXon to oireuaCeroftoo of the 
tree trun^ "i3aQ Img^ of sQrlom f ibroo i s taoro oio^jly r@Xai^ «d to 
citmmi&fmme of tr'oo tinxOt thsii th« longtb of gbXmm Xii»rofi« as 
the fonaer osliibita a higber vaXtis of <»orrolatioa ooofXioioit 
($al>Xe«23)« l^ wovcTt tiotb xylm^ md ^Homm flisr&s aliokf o ^^ oeitiVQ 
{|M hi^iiy si^ ULf ieotit oorroiatiQa* ttm length of w&aook aa^ ^^ ^^ oats 
also XteoTB fi s i ^ l f ioont oorrelatiai wiUt th© oirouiaf ortnoo iiut 
not to the cictcnt ttio xylsm iiSxcm Oo ife^ ao«N29)« '.&e imSJtfmi 
Initials &ad the aievii«'Uiho el^soato* on tho otr^r liriDd» ^bam a 
^oor and fi«»<^i{7iif iocint oorrskLatioa vlUi the oir«yi^orefiiio of troe 
axis* 
At a giron cireuiaf oronoot the lc»4,th averi^ ® of 3iovo««Udao 
eloetoats cmd vu^ soX aspsents si^ hil>ito a oi^'jiXiocmt rdXationahii^  
w i ^ that of f usif iara inltdUOs hut tbo dop o^e of oorrolatioii varies 
ooasiiisrably os ovidoE^ad hy tho ooeffieisat of Oetaraiaation* 
l l^ 
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Hmm^rvPt m poor and ^m^-^lmiSiemt fmT@lQtX&et mtX^ts b&tiamm tb@ 
1 ^ es^kial 4arivciUv«a also «aUMt e i ^ e<»ET^ l£^ ti4ia m^^am> 
ttmrneeHmn at varyiag eireuafdreeieo oC tr@@ a^ cis* Si^ laogtli vorla^ 
tioB of plOdea csi^  s^ltm fiJav^ oitdim a posltlv* imA ainiiif Xeimt 
ooTTdlatloa vith tiiat of 8i«fV««»ti;yNi ol&safiito «iti iraoaol so^oettt 
respootivoly* Hio Xenolili ai' vee#o3L a«ig»et2ta ana sl«fve«<tybe @Jtogiaatd 
i s elosoly laterrolats^ us ia ovMmt &s^m th& hl^ vaiam &£ c«i7e« 
XaUoo eo@£fieiQnt (0«93^^)« Ute vOit© for ta%o limgth oi l^Ooe© 
ai»l KarXom filir^ iM 0*9JB769 i^ioh id aiso si^ifioant at t% iewoi 
'Qm toAsoDtloi wiatli of fimii'^ra iaitialo do^s not ar^ oiir ai:^  
8igni£ictgist oc^reXcition witii tt^ eirokis&f^ rgtieo of um cpd^ « i^ i#9Var» 
s ise of the lueieR o£ ai#vo«'l^j^ as^ ial)^ ^ mki voasei aogiasrito a^ ow a 
pooitivo Qiiii si^iiifloatit oc^PToiatiaa at ^« l«voi wiiii ^la oirei^ i^ o*> 
ronoe aithou^ t h ^ i^vo tm si^joifioant roiationnhi^ witu ttie tm^m* 
t io i widtb of fusifora i n i t i a l munmt in tti@ 0£io& of tang«aitiai 
^ixmi of siev9««tij^ la s^lief^  CX l^®«aO)« £ ^ ri^iialf taa^^tiai ami 
Boasa diasa&t^ m of ai«wo<*tul>@ o3al»ere and vt^asol aepMiito ha(¥« 6ij&&& 
and aiiprtlf ioant reiiatio«ishl|» with one cnotiiar a^  aM tlia poaaiUtiie 
ooial»liiati<ifi of oiaaotera po^aoaa a lii^ litar valua of o^^xaiatiiia oo« 
affioiont iTabl@*JCI)« 
1^ al}ia«31 iiiuatrat^. ^orroiati^ ati liotire^ tha nye^or OE^ &^a 
of ai0va«i»i^ ^^ »^ara ana imaaai aossumta In ralaticm to tria aKiai 
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eip&mi0t0OCQ0 Tim vuBamX mnaNnr &.i^ trmwactlmml vcsecel area 
p«r 913 aluw & negative Qorr&Xrxtlmi «iU^ M'te oireuEn^orcncot ai^al* 
fieoAt at %k l&nH In ease o£ tkm tdtrsiar* i-Xtrthert the voseeJl 
auesber poasosi^ ee a oooparative^ t^^^ior value ei^  eoef^icloat <^  
detaralAatisn than tlie aieve^«tulie mM^sdber In relation to the oireua* 
forencte o^ tree t m ^ ISm eorralatiais eo@^ioiefit oi aieife««t4M>e 
ana vesseX miab«r la positive Ixit oao/^U^aXiXcssiXm 
Tat>le«^ iXXustratee oarreiati«m ooa£Xiei€»t aria ooaffioi^it 
oX 4eterj4aatiQn of heii^t m^ wMth of c^i^iai vt^a mid tiieir «leri-
vativeo In reiatioii to the cireu^^erortoe 9i tree tarut)^ * ioe halfwit 
an4 width of raya ahov i>ooitivo but non*-6i4M I^>0£^ t oorroiatioa 
with tiie cix <»!i£ei'<iraiii3e« licwovcr^ the iieigiit ami wiatla oi: xyi^i afia 
X^hio^ raya Indioate a iioaitive a»iu hijay aic/^ii'iacsit cor-rei^Uori 
with ecMtoial raya* 1 ^ xylaa a»«il pbXoaa r@/a oXaa al^ nr a cuoea 
lautuei roiatioaahl|>« 
£?IIT^ AftUflB ffiltft mifajBi 
"iSie eQsnraiatian eoojtllioics^ rt of ^i^iai c^ivativae has o^an 
ireclcad oitt with raapeot to their x^olativa fositioe ayarosa the ttnaiit* 
fhe length a^id iddth o^ vaasel aegmato mmt a poaiiiva md tdiJiiy 
ai^ifiemv dorrolatio^i with the diatanoe irem tho e«2itra towarus 
the peri|)hery* Jiisiilarly« fibre xoiM>tli alao mkiiiil%& & -itaoXtive 
and oloao relatianahij>« She voasel mv^ Kir ar^ i veaaal ereof <xi the 
oth^r handf put p^ a negative hut aii^ ^tlXioi^ t eosxalawioci iiLi-mLo^^^h 
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r m Correiatiae eo@f4?ieiaat 
d « a»€)££iei«Kit oC detomi* 
nation 
to • Uuiervod t Vttiiae 
t vtO j^ie •> a*1ia (k>) Icnr&ii 
^ *ii0ilfiC£3at a t ^ l&v^ 
*- .iiisttificaBt at %^ kmol 
idj 
A Btu^ OQ i£m e«rTeXat4o» coefXielent o£ vessel JLon4,t;h aiui 
Ite luam e l ^ iikdioat«« t at ta€^ are clo«dl4r emT«lat3d ^itli ouoli 
otlMT in nilatian to titair relativo positicn o/SitrnQ XiiQ truols 
but 
(T£^la*i3>* 'ShQ voad&L mial>^ eod v^^oel area .^ l^^ oit & i^ e^^ativo/olodo 
eorr0Xati<tn laiUi tia^ laiigtb csiku wldtli of "vmoml Bdipaoata* xne aarre« 
latioft eotttf ioiont bott^ osci viiosel mtsA»or and veooel oroa is positive 
aod ):iishljr si^iif icant* It iA positive aaa si^^l^ieoot at 1^ l&v&i 
iteiS3iX»»^^) b«&weea th& i^ aE&gl^  of vosaoi segiasiit sfid iiliro* 
Sa&l«*j4 iIluAU*at(;d eorreXatiOfi ooo^i'icioiit oC r^y iiaUMt ami 
width md Teijf iiUEd>«r par oar ia ts^gontiai view isi roiati«)ii to their 
^fmLtXaa anxe^^m the temk* '^^ hei^it mui wi^tlt of nof^ abow a |3oai-
tive oad ai^iiriaasit o^rrelaticei wiU^ tim 4i&t^ieot i^ ^^ i-*^  tir«s r ^ 
nitflHer eochibits A n :^«ativ# but M#U^ ai^^ifiociot rolcitioc^ii^* 
ifi eiotod to isositivo and aioiUJ^ie^t^ uiiil^ both the^e XoatuF@3 siMW 
a amative r&lutXtmiaiiiip viih. i^sj^ mxs&m' iiml4^«34^« 
ttm eofirolatiofi of ooisi^ iai iaiUaXs mid their dorivativoo 
worked out in rolatiOB to he i^t oi: tha truEtfef rt'V^U.d t^ i^ t the C&J» 
bial Oorivsitivoo osot^t Xibroa» ^^ '.^ oroU^ ahow a nagativt^ a»a istin* 
8%:iiilQet{it ocM:*rQiatiofi iiitli hoi£^t oiacig tl:M> at<^ e^ Os U&bio»3^» 
36 & 33)« liow«vor» tho dagroe of ec»nroiatiiiy o£ ^iloosi p^d ^ i c ^ 
141 
fibroo do@8 not vary cue^ i i>oa &ash other 00 tkolr eoo^iiciasitd a£ 
dotercOnatlon eoa@ %o be 79«0§^ ^ csi^ ici 61*^4 rd0i}eiGti.v<ay vXai»Xe»3^ >« 
12iQ d t \ ^ ridveals t^tiat tt^ £u«il(«^ laitiaiAf at iixiX&pmit 
heii:^t X0vola etioag tli@ tsnxuliy i^ icw a positive as \mll m Qimi-^^" 
emit oorrolaticia vitli ii»ii!i of tHo dflriv i^&iires eK6«|it {siefire<«tiil»e 
ooUa (fat»Xd*3^^ in ^m& of vossel oetjiasatSt si^ Xoa xiUros and 
phXoo^  fitsro^f thd oarcttiatiaa e^iffioloat io fiai«@i0}iiicc^tt c^* 
thou^ positivo* 
^i& roifitionaiiJ^ b@tiroflti siU e^«<tube oaii.s esna .XIJ^ OOQ .iiiroa 
iji positive ami higlOjr si^^olCieaiit U a^i»io*J:^ ) but a sifiilar oo^pari* 
Boa of vosiKsi sogpanta #%i ^ls& f ilMrse imlicatos aii inaici^ii'ieant 
oormLcstioa* 
%fai vohm oi eorreiation ooofi'ioiout bot^ Kitm j^iee i^ it^ reo OIK. 
IttOoeia Xibroe ia«^164) ia 10,^ 1^0^  oii^iiiociit UA, ti%> ssiae liatsiecn 
tha ioQ^I^ o^ vasaai aagiBaat and aievo*"^ !!)® ao^bora ia inai^ UUiOftfit 
^im vsaaai hxaoA dl^ ofuiiOBi htm ahom a no^tlve but M ^ ^ 
aigMXiaaiit raiatiiaiMihi|) i^itli the kiokjit oi^  tro® td^ ni^  v '^o^ i^o* /^* 
The toiigontiai vidtb of r^^if cans Initiala md iim width ol sieve* 
tube moBtoam ^i«r a no^tive evm poor ow*rolatioa witli tho hei^lit 
iavoi i^able*36}» 
tho radiaX» tcsni^ isatiaX 01^ oaon dioi^etar oi ^iovvtubo ^wobors 
bear a isoaitivo ana aiiHiCiaant sutuoL reiatio i^is^Oi) at 1.J leve.f acMi 
labie • 3^ ym^iii 6c»Toiat4c«ri QI axial ©leoerita ifltii tho hsX^ t l«fv<ti of tbe ta'oe axis oi, «x>abQX 
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80 With tho diaaefter oC v^ a^sol neipaaatB* iiewevart ta^ ais^Mt&ts 
of siQve«tiibo fiM^Hsrs ana vaasol s^g i^iiita do not i^ iKw oa^ si^^iiXi* 
Gont eorrelaticn with ^&^i oth&r i,'i&bl»^%)» 
ar€;a oit aXeviixi^ ij^  ee»^  imamil iim&al>oi:ti in rtii^tion to the QUM 
lidiibt« Bis v«osi^ mmbGT end vmmX m^a 9txmt a i>odXUv@ oo^ TaXa-
tJUm vitii heiot^t Xsvelt ttia latiar iMsine ai^ill'ioant at .^ ieVdJL* 
jk'jia mxAmF o£ aiflve^tiibaa abowa a liii^ lOsr aXi!^iii£iamit corTal^tiaiit 
i^tilo tlk:>ijr aroa exhibits a i^ i^ ^ tsid a^^tivo QtMraLatimk mtti tiic 
height* 
13ia voaaal i»i@hor and voaaaX ^rea are oloaa^ xvXntoa vitii 
oaah othor V'^ »acKS aoaJtfleleat at (iaton:iiuatiGO>» aiiilla al0va««tuho 
ms^ bar htis got a poor sp^ i oagatlve oorrolatl<m witii l^^ voMi^ ihe 
aroa (£ahl0»37)« l^ ha miaber of siomMa^ea arw voaaol aogi^ aate 
alao poaaeaa a alinlXlaatit oorroXatlon at 1ii> l^valf tfhllo tiialr 
angaa abov a pomr and iiogativa oorrelatioii wim mnoki other* 
tahla«30 augi^orisea reouita o&tainad on oorrcuatl£» mtam 
tho my he i^t and width Oil oaialiikiiat phio :^^  c»id x^losi at fiXiStitmX 
aaapllng apota alon^ tha tree truoic* ia:mmi parM»tara ahaw a ^oor 
mid ftftgative oosYeiation with nm hai^t l^ enrai* 'i3u width a£ igrioQ 
and piOaao raye la ^ora oioaely rolutaa with tha width oi om^UJ. 
ray8» as eoq|»arad with tholr haiaht* 
'Sim ptOoom raya aiao ahcw a |»oaltivo aad si^^itlfiQ^it aorro* 
Xat.ioa with the x^lmn ray^f ^siofQ ao ia thair width Umi in height* 
Uti 
mMsbm^/wtm. aM b^iiibt hsv^ o£ tlie true axis la 
^^s© mjEi»Qr/iO sawt/smT aypii^/ea' (xpm/mr 
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'i^ho vaseular oaiDiiiuo in the invostii^tca a^ o^ciea 
dx^ aricanoofl Oof laite periods of rost acia aotivit/ ciux'iiic ^ 
caJUodar yoar* iJuring tlio doroont at^ igGt tl»o eosibiLuui is i^ ir«»» 
sMitod b^ a narrow sono of tafagontiaU,^ i'iatteaod eeiis ^viato 
.iV«-Atl*)« llic ra£lial ifoiie o£ tiie oeUd aro ooGaporativoijr -Hiiokor 
during the dorasnt then in tbo active i^ a:'ioa« in tcin4^itiai viewy 
the railial vails oadkiMt l>oadi»i €Mi^ »OQraii6c c»f4ng to ti^ c ait^esftate-
ly tiUioKenQd oreas osd deprosaod lariiaary pit fieids v^  iatos i.v«i;} 
4«^ «»)i« trotopldftmie Giaatotitsy ineiudiiis maoieuoy £ird reiaiivdly 
donsd and stain clar^  dbjnring tl%6 d<«n;aQii€y i^iatos h^m^^ .>«(««4^ >» 
fhd c«Xis of the aetivo oaiabiuQ poooosa r^iotivdi^ yiia ar«a alaeat 
aiaoo^ mdifsi waiis* ISiG cuotive casiiiai stt«o totioj l i j i t stain 
due to the atoonee o£ ooiourod contaato &ad tbe iouo ojt ehroiaati-
oity or £xrat<H»ias^  ttio mxaber of oeii lobars is ^^oioraiijf hii^ 
(r'iata .%¥«ia»C)« o^ fflparad to tk-to aonaaat period &rjGo^y% Ouriog 
August arul ijetotoor wtssn a quiolt diXX'sroii^ i^atioti o£ aoouaOaiv 
tis^juas takos |»iaoa (i'al}i9*3'i>« 
2he vascular oadbiua a€ ij^ jsal;^  mi^ tiWlTiitifitfa a '^psars to ra* 
aativata onoa a yaar after utidori^ oi£ig & tkifanite i^oriod oi raat* 
fba first s i |p o£ re^iativatioii i s 1^ ^ /i^ p^oarataoG oi *n»oi»a£i^ * oi 
ooobial eolls ia tlio last woa^  of At^H oi" i» tciu i i i^t tifook of 
1 4 * 
^^« KMn in £ollmKi^ lay the mmot o£ p@rlfiliJiaJl iiviaiun ami 
cmmm^atmU^ tlic lc}rQQi.ian of ooo&aaeiFy tiamios* in 1 ^ proseot 
3tUK|y» eai^iol roaetivati^iii ou.' cgr-^ iaira opixUa^ to ti^ o ocaurroriCo 
o£ i^orioXlaol OlviBioi and siot to Vm atoXlXng o£ Uae init ials* 
nol divlai4»« ij;^ t8ac» t^ ie eodliial aono mc$^Qtu]& duo te tiio Jtoinaa-» 
ti<m of xu7» GoiXfi as a roeult at poriciiiial divisicsia* 'j^bQ &r&:^iio 
widtb Cil«72 ooH l&ytitQ in i ^ i l > iaer««i8«s v12«^ eolX iay^« ia 
iioy) esid reaolios 2a«0U oel i 1Q;/^(« in JuJ^ ititti a rQ»c>e of 2^34 
co i l s (Ta2»l(}«^ l)» <."lc'l@ .;vV«4lpi;>* Xt ^QQlkim ia '^UL.'u^ t (i:&a laUir 
duo to rcu i^d differontiatiafi Q£ Xino dorivativcs (J^IOB £»)a pliXoco; 
and toiDBhes i ta iidniiaia in uotc^ »«r« in ilovtidber i t cmdn Uwvmm^a 
s i i l^ t iy aRd» tiierotii^oiit tonds to too oonatont t i i l f otMruaxv m-^mi 
the p$*oeursor pbiooo ai.££craritiato3 (Xal»lo«>i9f i'i4« 1u/» ^^ incte 
thoro ia no InorcKassit i s tlto mMsl^ cr o£' ooJUL ioyoro of tho oaPbi«al 
sono aika also no diiXorentiation o£ OoriimtiVi^ aftor .iikl i^OVsabsTf 
i t CL i^ears t i^t tlio ool l iU,visian in caobiai oaile ott^i^ in itov^ a^bor* 
'£he caol^iai ce-Ua soon d0V«)loi» 'l;^ icir aor&eiot ^imtyroa O'.^ i GP Oa^ li 
eoitcnta on., roiativol^ lii^j^ Oiirooatioit^ Ok.' iirotoi^iad^i in ttio 
U&ifm:b&e oc^Ueotion* AIX'OO fciaturoa oyntlaue to ga^maiX t i l l tlae 
OQ^iya rcaotivatos again in lioy (^'iato AV« \^«I^ >» 'iliust tha c^ oiabiuia 
^ J^SSiiiS ^f^MIW^^^ roooijous aetiiro J^ *OD siia .ay to oorljr i4<iva£tKsr 
i«e* for alMXit aiK I'lontilm Ui£* 1 ;^« 
14 i 
calendor year* 
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does not ea^iitiit may oortsod irariation dyriii^ tae ^OGFO of study 
l»o* 197£>t 1^77 a>^ 1i73« '^ lui snrtHra^ ^&ll layctrs !» caoiiioi 
aaoo siironin tlio foit>le<*39 roiprodont t ^ taooR of tlir@e yooi^ 
oteonmtiflna* 
Slid dX££(aP9n%XaUj(m o£ botii oistor and Sim&r Onrivativas 
of oo0|}iiaQ Into new ^iXomi amX xylom elooonte r^s^^oetivoiy dtart 
in ^ ^ « i l l ! Junof 306 AO OiC p i^loeo cx^ ^ 4 /ua of 3^ 1eiQ oro aciuoa 
(fabld«!^^« t '^late <vVl«^ .^ » 'iakm ykHomt (lMior@£^tiata.aa mtda lay 
wotofi}or» t i i i lo tlui ^Xco .Cortdation oKtaKlo over to r^ dd ^ u^voci^ or 
(l?'i£« 1 )^« ^Httis* the dKforeiitiati.«e a€ piilooo cg^ a x^ioa totiOiS 
pX&O0 £QS' about ^ ooS 6 laoBttui r^^poGtlvoljr* 
A3 to tiio caonUily production oi i^lasi ami isixXom^ i t is 
oc)2a£fti@ in ,^ ai0aot and Joptcsabor reoiiootive^ ooasurint. oixiut >^i1 
/UQ for siyioGi enU 71£» ;%aoi iTor piiio^ci (S?iU>io*3'jii ^ %• 1^ >« -^^ i^on 
oi: onruioX ^lofa inerooont for the porioa of f^ tuOy it^/^^XJTQ) 
tmomweii dtx»it 9»^J/U% utiilo that M ^AtlooEi about 2y%xiO/UD 
(fablo*»^)» Sl2o cpontuD o£ j^liloaia anl it^ rioQ produeod i^iring tlio 
yoars o£ invoeti^tia^ i& oaro or loea oquai* i^ E*oduotlcit^  oi 
xylmn itf 4*67 tiiasa mre than that oC liOeoia iialiio-»3i^>» 
1 44 
m meitimmA eor'Hm^^ the vaSHSuXar emabiua ^ i^S^i^^ 
Wi'to r^^ iHTii b60<K3«^  aotive ia ¥ie^* liut vai l bo '^orc tto eoyf^ ioaee^ 
in February* mils phloeo* tho izrooyrscar phlO0% aa>;>oar£i to iiave 
dsvaXopod tnm outar d«riiratlTos cif the oos^itifSf luroaueoa at the 
oJUwe of tiio pTdirlouft grcwth sodsot end X&tt in uxuUi'im^fDtiatod 
or pcirtXaUy dlffsareritlatod stato* 'Ihe pr@ei»'s«E* j^ iOooi^  £)^ MBuros 
a^out 7Q yt^ in despth kt. ttmmoetlixm C jL~el)lo-39» ^'late ..VX««^ >« I t 
apx>cars to Ximetion f^ * s^tmt Jtour i»9rit.l:ai9 €s»£i latei' becoii^ NB nan* 
i^Btetional iii «luBOt ei£t&r a oooaitierabie aooiisulatiou ou. oumitit 
yosar pi^ Loo^  (Fig* 1G)* 
The aetu&l mmjnt of puioc^ tsi&iag port ia t^^cff l^ooatijoa 
i s tor l&OQ tbaa «tiat i s produood i^ i a yoiyr* iiJU. uotottor« oiiiy 
iialC tlie ataaurat o£ «^ jrs>oat /ocir pUloo£) rooaiaa {:iotivo» viiHiSi ttie 
root 4ioos nonHlfuQotiQnal t i l l that tiraa (li^* 10/• li^ ^ c<«Kluetia£ 
phloem haa bo^n roeo^ijBOd on ttso baaia o£ livia£> ooqpcvtUoa oeJUUi 
aaooipcsiyiag tho ai@VQ«*t-.^  rjoi^ boro* 1% ia iiotiood that tli@ oon* 
duotitig 3POQ iurUiar nat^ rawa Ocwri in ilovodl^ Qr o^ id .-JOOoDi^ or I^ MXI 
eallooo aooitfsulatoe to biiooli; tho prooaaa Q£ trcsaalocation i« i ^ 1i^ » 
£'iata6 A¥X«>C| iiVll<^)m icily a narrow aiarip o£ oiurraat year piilfi^ >^ 
aituatod a^^aocnt to tiio Qa^>iuQt c^ountins y^to ZQ/torn ia Oc t^hf 
r^iaaina actiiva t i l l Folaruary tiic» tho mm phloa^ u^ ro^ iLkraor^  
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u 
few ve^£S to sovi^al siantha (4»d) dopoiriaiQi^  « i i t s tJLsi& oi |iro* 
' tha phlooa |tf%»dMO«d in l^ ^^ t^me funetJUKia lor abcait tcci 
wsslBSt thd one profSiioed in JuJLyp Au^ ^mt a»cL e^i>t€is^ »«r r@{3aJU)s 
aetivo for al»out ei^^t woeiis eo^if «<l%iJi« tho yotol^ var proOyctl^n 
laAts £or about «l|^t«in meks (Fi^* 16^ altbou£^ a SIGM P^ &Qf^ ^  
Lti o^&s inaetivo iluo to oaXlose^epoeit&oa if^ttiin a arniUu at^mh' 
iag 9£ tkm oator ^iiXoem starts Ja Qotobor sm Gontijmem i^to 
^eUruaz^* Again i t occisrs i^roo -^^ s^  to /^ uguat %jh«ii tl'«& lout bit 
ox the provXeus j^or i^iloois Q&ta ccmihii^tod Ui^* 16, iXato 
•'1 i 
droi^ aH i t s Xeovas to b&ooam naoited l^ y laki 44irGii* i'^ ^ ioai 
^alXf prdoedea lasr yoXlcnyinis oC iooiirei} atorto isi «lamiary» Itic 
prooosa ooours in bosiiioteU. i^ rOor aafid ooitioiioa m>to tlio oia 
thsr witii tm IQQ£ ioXU i.ita blooolng starta i£i tiio ioot \iKKiit of 
Fobrutjoy £Sid ootitiiiuas tlXX late i<»^)« fhe fruit sottiai^ I n i t i -
'Shm v^^iativo budo oi^peox' ki Urn aoooatl m' tMrti wooSt oi.' 
April vbosi tho me& mmttiXy tet^paratur« ro i^^ oii £vQa 24»4 to 2ii*2^c 
durinifr tho 3 t u ^ year C'i;al3iXe«^ >» 'Urn ttom tuni 4^ @^«a in .«3^ * 
i^Sw forQQtion o£ now loiSVos cyatlnue^i t i i i ioto MUc^ aat UiL>» 1^ >« 
o CasiJial lOrcNftit ia rGCimeA ia rdd i'iayt ^^ (^ '^^  '^ '^  '^^^^^ '^^  :joiitiil«/ 
toQp(»*&t4«r« i*e»iAd £nm J1«i3^C ifala4o«>1>« 'ili^ jst '^^ roactivati^f^ 
of cadbiua oooitra well a£tor ti»} reouiiitioi oC tiiO cKctasM^ Q^o s^Mutti 
U''i£* 1^)f i«e* 23 to ^) doi/Q aC'ior Isiud burst mid notr ioa£ ^ o^Ouo^  
tiofi* In gm&rolf a M^^ li toc^ioratai'o oaul Imi iiuoidi'^ Oc^ ^^ car to 
i'ooiiitato tm rotsatXvaZimim Ikm&v^t^ tkm oaJ^ioX ^^x'uiaUi ooritiiiuea 
to ocour ovmi under tiiip roXativo IbAsaidit^  dtiria^ t^uiy*ai4,u0t a i t ^ 
the brook of £»nsaai role 4a oarly Juiy ii£^bioo*1 oi^ a 2^ ii^ ^* 1 A 
(4EI the a^ ir<os»8li <»£ ifiyatory Urn fcOl of te.>a|j^^at^r£"-o in h&^oLM&r 
^13 xyle& €gid pibJyooa cliffore^tiatioi^ initiatoo in kie^ 
wtiin the veatlier t»0OO{a90 Ory ispd axtreael^ liot* S ^ IQTIO&I cii££0« 
i4a@il for tii@ proooso* lt)@ phioam differc^iUatlfm oocgjrs at i ts 
mmimm in a^rts^mr' mid €<st£^ }er t^ ioKi tlm sea» aontlily teqporature 
fti ve i i as tN) s^latiiro humidity <3««ilj»@a opj^ ^roeialtly. 'Mum§ in 
S* ffliitiff^tirilililtfl' "^^ ^ti£ssi ewulit40£3d I'^ ^yix'tjd fC3r J^ i@@ dXH&p&a* 
tiatioB differ i>aiidi4er^2y jQr«^ nno&e for i^ Oo^^ oiCi^raitiatioa* 
ait i ioii^ Vsm latter ptw^m^ siiauiteiieduaiy tiitli nm f cota^ at a 
alov rate* 
DISCUSSION 
14y 
tr^i tim ppneciEbixm it&leii in turfi initiated ia m^xryonio a-vo^ cis i^ ia 
paive1»i£t«a Jbi tlie m^of^ ^ixtim subsequeat orste^s^* ^t iam bom 
reported -Uiat tlw proeni^ bium usyaXly i&itletes at titi^  ipAlmlar stoi^e 
oX aift8*3fo ^Jttriltinir ^*o»% ti^lf tist^ Ln^  m i g r ood uetoorot l^iiia} 
l*Afl1tff?f -^^ ecnre* l^ ^^ iBai Jd^nllj^S^lilSf w o ^ 1i^3| ijoy^i^-^* i»£^ xiaa« 
1370| ifWJIrfMrtoir Ni^i» 1^^) or afttaetlmcQ ^ iate oo at Uie heart-
aliased stcsge in vtigyfi;^ ir':£>gQnsGiat 1':^ 66> ctucl |||ti^ fpff^ ||n iicyn^ mal 
CluttttTf 1^7B) o ^ the tfxrpiMlo 0t@a9 ^ ^y^iM# U i i l a i £i^ 'i«t«|U» 
1^ 7!»JI ^id QoflBMa U H l a i «rt aL»» \^^U 2&. oeodiirii^y .ir(;ic<iai;jiyjru 
u«u&U^ orle^natee at a rciXativ^iy higli JUnroi idetieatii tsie ota&ir^ raaie 
apflK in difiotyladODfi siod at a lowor loveJl a@ar tlio oeifca:7ai4i6 rcidicio 
prooattitiuea (k!Voi.d£}iiao£it proooodo £t*<^  i.%& ^kle €&' ^oitlatioo cicp& i^e* 
taUy iri Uiu otisert^ lag cs&t^ Xeclurui i^.aatt 1^11 i^MULor at^ c >^c»tourg» 
194^1 AUony 1;^ 7g £iQ@ire« 19^ «Jki| i^Hirrt l!i^t »^ aiiL&Qre» 1JU»t 
i'^onsoit ^^M^% liorlyat 1J07| jiaplam 1^ 70$ «i4iiiyit 1J7^| '^JUUai a^Mi 
HaJ% %/l^% l i l i a i Qt ai.*» 1^79) ana i t s ^^veiopisartt ocmtixiuda iu 
the QQEKi order in ei:»leot;/i v^ijX^xi. c^ mil m in tlia o^^ot Ote-^oE ayx*4a«» 
ti% a@Q<IXi»e cntogdjy il^ :^iill^ r csia '.ioti3i3rQ» I'^ ^^ i LarsoDy ij/ju 
1 i) ii 
^hjot aiiosi Q£ ^iiooV/lQdmm m^ c<xili:ore ms'ia^ &^si^q^Mm% (xitci£^ ony 
t9<iO« 1 i ^ 1947| oraoap t942| OraftSi t^3ii#1^ Uistmttip ijk^t 
mmh 194«^ | iCUiu* ana i^ '«ta»ret 19^^| ri^ s^Of 19^Ut ^t(»rlij»^» 1^J| 
l ^ l f i^ l f f i t t i t l i ^ i i^M»l)^ » 1^)4| Vsaigt)ti»it IS^^I iJ64^ aliaii« tg^^i 
Mtmotth0 19631 tiiXt&t t9&3t aiXcMEMsat 196^} iiasibooiiJLri mid i^o^* 
19>jaafb| ije^adaa acid i^ oekf 1'J71t 1^?2| lioraf 1^ ?!;»^ « '&UQ ^m^oo^^iiiim 
^ SS^SSSt ISillto^ltirlMi ^^ ^^ ® f 0XX0t^ tto ai»t0 trend oa dfiocribed 
abovta* 'i.l'i@ aaiao vUm hem aXm tm&a mss^r^mad ^ mi^^ msU^i^rs mi tto 
betaia c€ inatasaieQX 0vl4@fCi6& In tbeir r^ieim i^ jise f^ 1:^ JI>t 1 ^ ^ 
JtO€Vos» 1971| UiMlA£;or« 1i/?^>« 
in tue prooa^ial @tr^3^ ^ ^ ucKloiili^ todly account Xm* tiia ai^rt 
eelXM iQc^eOiateljf ad^ooa^t to ttte jfouogest isriix^EHlia oi^tanreti 1^ 
u^QSiU ii^^J In ifgliMit i^ -^ e ii^ «»c i^&4al ooULa ^ not c^tso divMlDi^ 
oatiiOltoQliy «'iiilo a proeti^ibiai stroDci or trm® ^al&x'e.m in Oia* 
sittf^ Ujf ptripltn&l 4lvi@i43»s» i t oijso iDerg^^sen i^ la»gtii isy mtl» 
cl inal dlviaiocaa that hmo^ i^ aee vit i i tli4^  QCOdi^ rcitsd rate oC liitor<» 
nodai Qiooi^tiaik iCatosi^iit Wit*h 
Ji)! 
tldd of prot4 l^iloe£3 isi continuity wit^ i oaro oaturo ^-^^ta^t^^u^itm 
tMXoMw ifdtQ(syle% on the e<»trary» aiiXerwtiotes bi4ir9etioiiaUy* 
2iie ai£Jtar«itiati(n iisi«a^ lniUat«8 la t&e vicioitr o£ Uia iiri* 
oonUua Siase m*^ proeoods ttasipet^yUy ie^  tlw 3MQ£ traoe aria £SEsr<%«e« 
taUjf in the aoOo* f^ rotorptiXood Oif^erotatiation &lexmt ai^taya pro** 
at0rling« 194i6f CatQ3»0ii« 1964| £!I«K 9^OI» ondl lioi£»clit 1^ ;»(i)4| kimibUtt 
1967| ^nric^t a»d Cuiama* 19731 iMXi^ o^on ot ai«t t^?1| ooti, 1>72» 
1974a| DuttorfioXfli 1J?&)« I& tm g^mmxt GUJU^ aiso x^rotoiNiiooca 
dMigro&itiati.ai has t)een notiid tio- ooour (mx'Xlm' t^yn in^toa^lj^^ 
siotafia^lu2s on tho bmia oC iiis at^ tidios on ftrBiiilW- ^^  dUtiti^ puLL* 
siiad sQftaOa^ iuD Srom ^jroea^iim on the ixaaia o£ lt& ooriVQtivoai 
^ ^ Intemodos arii oomiiderod to tie in iwixmsy state as lon§ 
as Uiey aro diongaitiii^ &ad to eatir lato sdoondasy g^moQ oXtoe t ^ 
eoaso to <iUan t^o C^ &^aoa and >«ijaiiioAaf 1i;> |^ ^mmi^ t-i45b| i^ c^ rttoiy 
1^^)« tout tJ;4»ro ere rvpcrts a£ i&ltiatiim oi: s«ean4aj:7 gr^ xftli in 
s t i i l fthaumtin^ iiit4«mdass i.^ torIiaa&» l^ ^ f^ itiiii^os^ mn «ax^ 
196^1 c;atoao<mt 1964} ilioespeKKk dR^  li«iia»oli» t^ 6^4f Oii^ist 1^7} 
iiutt<»r£ioldt 1i76| .^ osr «i^ id I^ oviM«» I^ A )^ miiXe otl3<ir;s did tmt 
J • . > •:-.> 
iirofa tiio Qi^ ttc iDdorgdos eeooulaxv pliaso o£ grairtti« weli. after i ta 
f i r s t itiQ3« of oloo^tioii scliM* 
A miober of re.^rifcs oeiphattim th® ooeurr^neo of r€|}o&t«a pari* 
oUnia. iUvision. In the proaop&iua {jomk^ 193^# t^iOt 1942» t i 4 ^ | 
atsriingt 1'i46t 1:^ 7^1 ^^n&o* 1J63| £tKispaoa QPKI iioicioch» 1;ib4| . ^ ^ 
I^TSt 1^%t Fain «ft ai«» 1S>72| Biitt«Rri«JUl« X^mi. nm tet^i^mtiaiJ^ 
f Istttood sod tedif f oTiRtiatoa pr«Msai3biai oolls armoiiod la racial 
s^riatioiit <lGnniioi> laiy the £)I4 portion o;^  ol^ oot t ip a» a result of 
r«pe@todl ©cirly periollxiai diviaia:^ l?i tlie lovei»tii^i«Hi c^ i^ ooitus* 
CaB»«qvaently» jriiaaiT' 9(yi«m ^mmlja^ ta radioi f i ioe i^ ut Vm ixiotA* 
phioom oooa not ocuToepaad to the pett«m of i ts ^ot^ ^or lait iai»« 
Buttorfioid (1976) has iiioo roportod the sipe 0V^Dt la ligtMirte 
fiBfiTlftliliiftiyin- i^ MToroTt atorXlAi^ il>46) oBci ^cOii ot ai« v1i?2i tidtod 
that radial soriatien. «€ larutoixhXooa pr@eed@a tl'^t df UiSi ^jratosiyiei^ 
i^ roQaal>iu& laa li^p^fff dovoic^^ as dijsM^te ^a^xliffttroitiet^ 
atroo^ aoporatod Ijgr Ixiterfonoieular regiona just beioif the? ^loot 
apox* iatar i t difffireatiatcs i.%*otOi,4aoo& l i diaorata str3i:3ds i^ i^ca 
for® a ao^iate ring only at tt«e has© oi u^ el^ oot tli»* iDuSn tita 
davaXc^ P o^nt of iroaaiihiai c^lindi^ praot^lea tlkit of xjratgp^a^a^ 
,^|jaiiar2yt tkitipe are a miabar oC yXm^i& nfisra tlk^ - 4^ :*ooat3ijiuis for^^ 
Qt) aicaat caqpieto c i^is^dor fTo&i i ta caraJ.0^ ai^ iiooranoa v'<^ ioL%jaaa 
ana ileisiaoh^ 1J&4| Oisi&ia* 1^7} i^Ql)« 1:^ 7%! ^ t i a r f i & ^ t 1//^/« 
' ') 
i^oetiasi oC dh^t t ip ami oontinoos upto sseaml MteitiAae wiioro i t 
i:ar@0 an alaoot ooi^Xetci ^ l l i i d ^ t>y the oiOtiirel;ir diiridloe pro* 
eoEidiaL e^ilnder. ikittor£iel4 i1^7&; «ULao reot^ rOod tl)o fta£>e troed 
TTie 1^001 i,)€H*t4fifi oi oiioot t ip «chll»ito 4«$ roOial £ll@s o£ 
tff3difi^Qr«ritl«t€(l proeai^l^lal oeilo miiot^ omitiiiuo to iaoraoAe ii^ ito 
0*10 layers iii tm tbird Int^moOG by tli& timo tl% 3i»<»oodary i:^ roiitli 
starts* ItiuOf proesiJ3l>iiiQ r&ao2l>loo eocibium iii iiairii«i tlie «a^^ 
a£»pe£^ cneo (^K; -uivioicm cyolo DUiiQii o^ u^aws i^ \^ 4^ ;*C!e;iivo aUtii'^^aatJ^i* 
tiXKk Q£ xim VikOCuXor t<4isiio3 to tlie.iissids ana ouEt^ i4o oi' ttie 
aotivsly Oividiae oyXiador* 
uie (^ tbe iaottt eli^aot@ri«t4«a f<^i.ur0& Q£ nm va»6uJUr 
^orrn In i t ia ls that are i*e8£>Qnaihio ^or tlie proOueti^m a£ saucU. 
slocaeKitat sQ^ the oor^ or Jbrna procyiii»aiit i:'e^  in i t ia ls vtiU^ mao 
tor the prO(iu«tictt of tiio horisoatol rs;y oystsa caiiligMioa op&i i^ Qnit 
196^)* l^ swov^ sTi tlio ijrosa^abiua preooiMng this stage im& trmiXVimm^ 
bo&ti QOfmM&t^&d to bo aore iioiae^ i^iMHiB tissue in taKii^outiai vioir 
(<'8Sit» 1943a9&* 196ds| CatossflB* 1/74)* IXit soeie «Kxrliars h&90 t>&Qo^'^ 
aleea too types of eolls «nran in proeii£Jbi«»a iOuoibiet 1j&7t ;^iri(^t 
and Cuobio* tJ73| ^^ oti« 1;i72» 197%»l>f i)utt^£ieiat 197&i* in Ji» 
glriiflkFftiiiih ^ ^ ooopositiora of p:xjoa:..bii^ is hueaai^ ceK^ ous holav 
j ^4 
sJMOt iip@x but i t (gi*&S^mXXst ^M£&rmtXsit&Q Intd tim long eolXs cuod 
short oeila* Hie gtoot&bSAm rmmina liaao&BBoou& Ifi a ssono oi: ^UQyiia 
below the a^ »ex« atigerQ@atlc3ii ^ |]rooa£i)l«jies Into tm> t/poa u4 ooiiA 
oomirs at irery osm^ ly state- && gtocoi^iaX t^^mohs^mxit^ 4.4x1^  oowOe 
undflrgo QntleXlnaX Oivisiixi l»udlfie to tim forootloB oi abort 
eoUd* ^^^ siaUar cnraata bcm» bean rc^ >artcMl 1^ U^M« iVJ^T) Uk 
glfffflrnilitfl- .j/Qb, it972i 197%fb) ro^Kirtdd tlM jtorofitiaii a£ ttfo typos 
of mUM at a latm' sittam oC psMo^pblaX dcfvciloposmt* .iooe \mi'iisstm 
intorpretea t£te tapi^ eorsnoo of: tuo Oistinet tissue d/ateoe iti ypo^ 
'Sim iatorj^ ^aiaeimiJLar motota ore diii-Unet i£^  ji,* iiiiitol^ii^toil 
XroQ tlM eorXittst e^ j^ e^siritfioe oC piro(mssblu% dividing ^ ^ prot«|)liio«£ 
Jato otraods* i^ici inaj l {UyisJUins tat&e pimo la tJiie iatcriaaci*' 
euuUir a«ot€irs b^ tbd isl4 portion <i£ sboot t ip ni^euitiai^ in Q Qoai>» 
X«te CQTlinder a^ dlvi4Sm i^ '^oeofii^ iua act tiio bcuao &i ahoot tip* 
JuttorCioid i1j?6) obscanroa t;Uo sooe pboaocaeaon i£i fiSiitirito 
fT^TT^^^'hl^t ^ ^ vi ta diX;C@r«c»t ioei o£ tbe i&itiatiaci ^ porioi i* 
naX Oivisioa cyid tbe i^oroation oi: ocuapiete e^ilaOfir ai: jirocaobiuii* 
i t id fK^apooly boid t lmt tbe vaii«uiar ctewblatB orii^^Mitos vitlOi^ 
tho i;rova0cuiar otrapaa f i rs t md iator @£tcnu@ tangoritioii^ to tiao 
int«rfas«iimiiar regions i*e*f tiM} irn'mitimi 04' ^aseieui^^ oaM»iu@ 
I>reeo<le(t that o£ Intor^sdoieulor ono ijuaisuf i^^^im ikim^msFt ^ « ^ 
e t al« i1972) bav@ r©£i@rtaa tho vaooyiar caabiuo to ticivelop i i r s t 
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la littwPfatMitCBilftr r^tbst Uioa in ^aaeieulor r^oXoa i& iteilliyi 
gtWWH\iilfl' '^^ Oteenraiifine M the proAoat 0tu(^f howewi^ t i^ o in 
a^roemmt irltj:i t£ic otk-Mtoiily tmXd vlmt# Tim ^;roea£il»ial o<ulo hmm 
boaa iK»tdd to uirulorao r^ }@at«3d pm^JLciiiiai 4ivi4ioea !£« oroor tu 
procbiOQ r«m o£ iimtlaiii^ aiipiod oldaenta l^or® tii«^ trgosfciniea 
iiito true fSQisbiaJi ley^*^* 00 noted ly ooao osriier v^is^s's v«^ 3€iu» 
1933# 1942* l^li!]^, 106^ ; QuotiteX aoa ii«ti»re» 1 . ^ | ^ t a r i i n ^ l::^* 
19^71 i'^ X'iM 19i3| C^^ i^e 1%7| u<^ 1^ 7a» 1J7%ib| torn ot oU 1;/?2| 
"Sim perielliaQX diviiilaiis la Ijffljfig coitlcMM to oo&i«r Ofiwifi tli^ 
eiooQt t ip ariii t i ^ di«rivatJbiri9& dUf^roatiat© iiiito a ec^ aJLeto e^ilaOor 
o£ gtiB&xy phXoacs end aQfXeiii tsf UIQ 0000ml Intestiode* ^10 oeUo oC 
^QOleokir seetors aro lom eiuX oosMitltute p:*i^ iiQr«ll£ii. £u&iM:yra kil%lkiXa,t 
«hli« thoae CkC intorXmiotoJdar seetors £ixm ^ram^ oC j,x*iaMnaJLai xtt/ 
tnl t lala* 'iboee ficdiiiis ^ with mo one olxoenrod l£i fiBtMli'te 
SOSiglMiSliJA W Butter^i@M i t^^)« Tim tors *priaanUal ra(^  l i i i i t iaU' 
i19^Kl&) 0EMl Oiobie i1967) respeetivcOy* 
13MI IxTopilar ooourronoQ of t&'oEuiv^nio oivi&iOD In iotm ociiis 
prow^ts ear2jr estaMlahmgnt o£ atoriod pattern I D a» m^iNirfifflif 
a i t i ^ u ^ noot loneitudlaal aivix»i«m@ iu t l ^ la^i, <36XIA QFQ ri&^iai 
iooeitudliial* S3)o e t o r i ^ pattornt t^ oto octtalkiisliod «tfi iH>tia as tue 
intflmodai •Xodgatiao eeaaQo ana aoaisai&mt iironth o<^ ii20Beoa« ijutter* 
£lQld Cl^ TCi) e^isftftiaed ti^at t ^ @ata0iis&ii^ @nt oC storied pottom In 
eoobiua ia eX^oiy related to tb@ r&oial distDnoo i!r^3 the Btm& 
o^Dtre after oaeoiidQiy grcwtli r&t^^ ttvan to t i ^ itttomodaL 6iaa&x» 
ed in botii dlAot^ittdoos ilotei et a^» 1^ 73 i egod ooniicirs i»it€riJUi4t 
1947f deneb&'t 191>^  i'arli^f 1963)* isut i t Is pertiouiariy coftsyiou*' 
otoried eETQ»ii;i3oaQt o£ ir<M»Qdbial eolle in 4fip|k£Ep* ^torioa pmeaj^ 
blaX o&llQ ore usually O^^ttr'iliotlas iidvia^^ 4^aS>3Led «sitl ml la ii-'alsi 
ot oX* 1972>* iion«at»:'ied iroea^>laL coJJLs iiavo be^u rot^ ftt^ toa to 
pos&Qfts trcHosvorae aid ^aUii liy i^fs^ bia U ^ 7 ) t -^ ^^  (1^7^b> asid 
IHitt«rri@ld iiW^Jm -jiMl&r2^9 tbo iroeoi^liluEi in ^ UtofaflTliitigi ^ 
iioii«i6torldd \«lth transv^se end wo^e* ^lie |}ros«»c@ o£ st<9ri®a 
proeast>lua t^oars no oormXatlori ^ t h at<^iod nature «Mk ood^iutii. 
(4«itiier iis i^JAlA C^ ohf 1974b} aor HgiMMTto 0^tt«rf iel4t 1^1^>i botb 
vith storlad (Ksiablat «ecbibit4i storlod prooai?abtuia and oe d<>e9 tlu) 
prea^ntly^ studied ||c^ afeay« 
fho aettsureDtfitfi oi proeen^ial eeJUs i^ i i^lhltHI iridioate t ^ t 
the^ incr^ise in iong'^i scany t im^ during Int^modoi eioo^tion^ 
Cateason i1*^ 6^ > licia r«»i>ort@d tb& saoo In proonedaifij^  ooila oT ^ ^ B O 
iatrusivo t ip oK'oiftl) In proe^is^»iai oolifi io oo^ista ^uritic rapid 
iat«iniodal •ioot^tion* but i te %im <»£ Ineoptixm vat*l.€iii wi^oiy fisaosii^ 
dpeoios (!liio{ap8on and iieiosot^ 1964} Cuabiet 19i>3« 1i;l67| *jOii t^72» 
l ;^%tb| ijorigiit and a.@bi*« 197J!»)» liover^sry i t begins beforo tne 
Qpp«Qdn300o o€ roya* 
'J / 
A dJUtinetioa ium been sae^ hQ^mmi tiie long yaroeoi^lal&l 
c&lXo aad fuslfTorm Init-ialft i^ ee^ibXim oa tbe basis o£ tiieir g»d 
waila fay OuaEiio (1967) @i)d l^ttorlTlQM i l i ^ } * Mo t^ of tlic icxH; 
Inttinlft had tempering iioliited ond£»« In JHwalffli lyfilfiCiflili ^^^ ^^^ 
tfaXlo Q£ fuaMorei InltiaXi} oro oor&ddly t@g;>ared la tijte t^ OiT'd int<s^ 
nodtt ^u»t after tii@ ooooaticm of Intoffnocia)* tt^Unnatitan* Xctperlng 
of titad nallo tQlso0 a grcxSuoX eouroo ti^ii^ atorts iii tlx> mxax^ &nU^*^ 
noa«» Soperin^ aotiulred f uiianiug tii@ oao^mtioii o& tronsvor&o divi* 
porieli&al aivijslaja cfod sottJuis Xt <xi tiae patb towaixls mit\m'& a tm* 
CuBiiiot 1973) &Dd MaM ii^ttarfloMy 1976>« 
are foraed in tho tlUrd int@itt(i4G fay ixay of ousting land aliopod 
ooUa f^ roei lateral tmUa or iaolatlfig m mX/^&l ooM T^OCJ tiio u»> 
of fuoii'ora l^it lalo tlxrougl) trossvuii'se 4ividiau ilio nmt i w ^^^i* 
t ia la i3s¥o booa riii»ortQa to dcyvelop as lata aa about ttm oiivaitli 
>^»^ «3nM<^  ^ ifllMElA IHPnr^^*^^^ iButt^rfioldt i^I^U i^^ii ot al» 
(1972) ociiolud^ ^lat i t is ii%K>s8i.Ula to aotor^iiino ^XUim' tiM} tiae 
or pooitloei at whiob r c ^ r i fa t a^ p^Qar in f-hteteiC" ^^ '^^  ^^ws £^ re 
IsoMR to {^ :i^ eor t^ iMe aec^aeotatioa o^ long oella ia ttio i^rooaai^ 
(inright i3£i«l Oiiabiot 197^it Iseforo tl^ao trot^ s&'oroecl Itito i^ 'yaii'^ rt^  
Saitiala* K^^ ae WH^dr« oosmi/S^ th@ m^^^^S'suce of rost^ Just aft a 
actfULfostatioii of Hie prc>«Q l^&l««@«i>iea^ treufi&itlsfi C^a^^eoa «ia 
Beizas^f 1964} CuM9» 1967| But t i^ isMf t^<S)t ti&i^ c'd&A Gfmam 
toke i t an (xm of tb@ doGisiire €fV€Cita In oaD^ial Odroi^ poG^t 
Ci;at«0^m» I'.^4i* QatmmR OGo&Matm. tt^ e ai£X€r<»itlaticm of 
•Q^ondary rsgrs to l>e t ^ asiiii didtliietlcm ttetneHKi iirl.^ory ^ed doeai* 
4ax7 d<iV{ilspia@fit ia .^ gMCo 'ftm &m» may am^ to |^ lanlfllffirliiim-
SI19 ts^4»rlsi§ @nd storiod naturo of f;i@4fcir{3 lo i t ia lu together v i ^ 
tl»o foroatioKi of n«(if rws ^ ths tliird Isiton^oda i^ co e«3i)i3Mcr@4 to 
l}0 ths Oofioito mmi%Q ki ^m msMol ^i0W^3i,spm&t ^ ttm ^rasent 
Gtucl^ * ^b» rs^ 9&XIB of BfiMly iwrnoA mei^hm aro ^@«itieuay ii»* 
rii^ Wmy damm n^^mit polsri*^ to boo^^m pe^ms^bmit ki caatyro 
vayji* Both aaristoQB i:^ vo rleo to vosoiaXor tiomioli a^tor n^tootea 
I>«*ieliaei2. Oliriolfigio* Botl^  oro ooe^ posoil of two t^pm of oeilii« 
T^ long prooa^iaSt eoiXa i^c^^iaUy tipsmaiwrn Into CUOMOTD initiaSa 
tuaio the abort eoHo Into im^ If^ltlalo <i€ t ^ ooial^iii^ dvem tJ^ o 
ptOoooa /^t loUaol Oivloioiis oro r^Olol Mei^imitmX In tiiotli tlio 
aorlstooQ* A slrtllor ro£»o£tti^ i»oo o^ proo^Miiim to ^eil>iiMt I1O0 alao 
l»ooci rmmt&l {3^  Oioiblo 11^7) Mid iMxtt&riimM it';il?6i jjat ^^»nf*ffTili^  
<H^ fifHIWAfll £*oi3peet4voay« Si^ aoov^ :'^ ® 4iiri8X(iii In tlio U^MIC, O0II8 
of proeoii»lu8i ppmmt 0€r2^ 4@volo|?^9at of otoriod iiottortu 
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^ IflilMI Bftlilil&ilirJ^ ttlillT <^ *^ ^ ^ ^ ^ ^"^ walls of tUe ela»g3« 
£wa Ini t ia ls he^f9 tai^ ^ i^Eig enda* 2Si@ oalls o£ ttto >.rQCQCfeiiws 
elCQi^te ^urin^ the iatamaiSal oXcnoiti^xit i^tu^ s^ oos iiie ^usi^cro 
ioit ialB rcmSxi rolativol^ eonstoot* ^^ r^asisvorse ciivisioos oocor 
ooro i;k*«quei2tly Ifi tbe proeaiabiiia tiut not i» tho oanbAui^  '&^Q& 
dSX^arsoees b9tMe«n proeap^iua mtX eaiabiuii I21 tbe i^rasflnt s t ; ^ 
oaofoTQ to tlie reports on ^sSSSlSJkkk i^^^^io* t^7) ot^ i liabgarla 
(iHjfttsrf isld» 1*^ 76)* £ii& tronsition £roa |)riioa@di»iy23 to oat^ iyt^ i ^^^  
a p'Qdual but q^ti^ proo@s^  in ^JSSijUi iHllti&fl|*tolWf ^^ i^ ^^  q^^^ tiiosi 
in Iffyy^fi iBntterfioM« 1976)* Cat<iss<ni (1^04) round oti alarmrt 
ratHsr ttioo a a^&amX trap«»ltl«n £nm procoi^lua to ooe^iu® JU* 
ififi£ IMMMllfialBtottll* 
^m otyyioua difJtt^ rotiooo botifo^a th^ i;«'ooa^i@ oi /^ ftpr 
(Catos&ant l i ^ i «^ Mi&il& C'^ ot^ t 1'i7%i vitti oialy ono t n ^ o^ 
eoUst of i^iod^ i^ »oht 1972)t Mfi^ k l^a (^ <^^ t 1-^^) a^ ^ i^i^i^^ 
i;jutt<N:>iicia» 1^7 )^ witii ono o^etoo JUi oorly atoges a^ Kl two iici 
lat«r otogos of p*ooai^iAl davolopaGntt md of frt"*"^5f iCuialiio* 
1967) vlUi turo typos of eolloy romior ti)o aistlnotion &oti«o<m iiro* 
oaai»ium and oa^iua en th@ luksis of GOU oriontation of Oouliti'ul 
Valubtt* £»ooau3o o^ gradyal otiona*^ '^^ t^ oc»Siir %riti:dii 'iho j^irdO£M>* 
l^iii3p«eoabiim e(xitJnuuca^£30st iforlioi's ogreo that procam&»iuia ami 
omfltoiigB arp tuo soquootial stoooa of tiio soi^ saoristou Uiotidt 
19^1 i;sau« 194j^| i^iiliixioii mcl ^^ ardf l^ & g^ ai£sd>ie» 1J63» 1^7| 
UJ 
mili&OQo. e t aU 19711 Fotm ct s i* 1^ i72f .Jirii>*t am iXimUi, y^H 
Butt«*£l4}M» 19761 Uanwio, 197S)* Cateasflii (1^^}» iM9if«fifor» dJLs* 
ogTdQS ^t£2 tm« vifl» OiMl eonsiOors tlio pro«Qs£)ii£3 to be a aoiJaraito 
Q3riat«i3citio stato* arecy and KriaimaEurtby ilJOO) liaim <|uooUiJtioa 
til© o(S8ick}|?t of troifioltifin oi' oi:g:i>iuQ direet i^ roo proocu^JLu^ l^ -iooc 
autbom coielmitf that proeasibiuQ i s not a pr«requi»4to i^ or eQ<.i»i4£j 
and that Vam vf^o^t^dbUm poaoUbl^ caB)r<Mc*t0 to psrmnaks^fmk^ tiUoh iii 
turn giVQQ ri^o to oo^feiiia* 
OeriisaD iJoiflatlBt0 w^ r@ tt>& ;firat to re&oig&iae tiic oa3J.uI^r 
xmture of easblu@« 4iacilo iia^i) diffarmtiated ptrooaobiol c^li^tdor 
iTrooB vaaoolor oa^iua so iis to x^^fttriot the Xattor to t2)o lat^ rcCL 
aeristom* l4%t«r» d^ ^^ ll^ iiy 11084) oooaidered tli@ o^ibiufs as the 
saoristn^Qti^ regiosi* oonoidtlxig of tuo or ratlmr of t^ireo difjCoror^ t 
X^oro of eol i j^ aa;3o3jr ( i ) tho sisi^l^ iliitiaJL io^or c£ia K^i tlio 
tisguo potlMsr oella iaakKilng (a) ttiooo of tiK.' vood oMe cfid (b) 
o£ tlio boot miSnH IMo ooneopt io folXo^od by laa^ority of won£<;^ t}« 
Fostor 194^1 Bsnaon 19<>3| ricrifocn 19%t ^ou 1960> 1i6^} ;£IIK:IOO4 
196@f J^maooiA 1970| TXowll 1^ i@aatb| U t t l e ^ ^mm %m>) iWfQ 
^^loyod tile torm eosiilucs In o saarroir oonjse to d i^^ t^itato orOy tkm 
uaia^(*iat« iait iat iag la e^»r» but ocot of tho tfox^ &oro iiioata ia92| 
CookAHiesi 19^1 Mi#it 1933i '^vr^ iSafiigoi* I^ M^^ i iuoilofoiiod I^S i^ 
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t^4itt| Fete Witk§ ijb&ime ^ Iql»al> tJ7^ iMttrntXtiM X^J^) Imvo 
uMd tlio tors in a laroadar sonae to oantiato tli«j ai^Jjre .-"©t^ i^n of 
tiMiao generating to inei^ide tho aqrXoci enu pIxkMKii laottjar doJJUi 
as wall aa the initlatlzig ioyor* ia tiie pr^ ^^ ant aUidy XhX& ^tjucopt 
of oaol»iu0 has boeri £oJUait»3d» Cateaaon vl'^ 649 19!30af1>} daClnoe 
tiM oaobial aona aa thoaa co i l iayorti iilii«b ore ^ti^&s^aei&mk ^lUi 
tim graataat Mh oontoot max the aoat ahtaukmt ^to^aae sm. aro 
dAetto^tifthad in trenaaetloua ia^  ra^iaUjr fiarron ouiOa wit i^ tai^i 
vaJJLa* liJhe oaahial aano» i^ian actiira« i s i^^ £UV.t(Kl S^mi lum 
raatiatien tahlah era laoi^ sadUy laasj riah it% i-u4i\ cucitiaiatat liiovo 
ttOtitor wnUat ssid sra aro^aar radially* llut 4»Q£jie»iu£i a^  caf^Jua. 
seme nortmUy conaists ol' an mlarok^a e^Xind^: fl£ uodU^eroi^t^atal 
eaXla arrafi^ tid in nodiol f i lea ^JLcii axteods Into t ^ i;;^ turo 3o« 
accdary vaoeulor tissuas* 
'Hiia eaaa>inm i» |^||^ii& mililfllii^ girilfitiBi -^ ®tai''lail mi& c^ ointaina 
b a ^ fuaifens ami r ^ initl£aa ali^iiad id v<£rti.aal i^cki iw£ istmtiyi 
planes respectively* .ijlie £u£}liarta i u l ^ i ^ i s verticaUy ei^iCi^toci 
vitti iHiraXlal walla mn^ ta«>aria^ uiKla* while t ^ ra^ inltl^U. la 
saall a ^ aliiooat laadis^atrio* 
'iihe stariad eos^iuis) i s iiu£}£)oaed to ha tho ^mraataristia® 
of a^niaturally smmmuX aiaotylaOoaa (Baili^ tM^ &mm &• 
miimXtiUM 19471 tteteaXfa & Chalk 1 9 ^ Borghaani 1'3Ci4| U»B» I ^ ^ I 
fcim 1974| QiousQ (^ i ruttua 1'^4a) and eonaiOcsn^d to be rore* iio«f» 
evor* UftiouaQ 4 Ytnus Cl'i72at ir/%«4i | Otouoo jgcb ^ i1^73i| 
i^ aUuiaX 4 i^ Qdad i1970)| ^^ ci^ ifcsi ^ iiQii»ieil i1;^ ?G) tt^ i^m re.^drtod n^ 
ooeurroiiOGt o£ atoriod oafi^iiio in a mtdl»or <€ imiiem tropieoJl 
i l a l i ^ (1923) XcMnd tisat the fuslC«*m la i t i o i s imry is%m 
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2ao«60OO Alii 00006 symofiporaiSf Xroei 17«410 y^ xs c»ia iiGii^kkoO Am uy^m 
diA<ytaflodiaii6 ahcnirliiks 0torl@d oiia £Kin«>ot(irio4 eai^ ib.^ jo roo^»ootiVGl^ * 
Slie rdi)gd oi: Xoristii (314<i£»«Xi yusi) ototoiiMfd in tli. i^rescnt atudy 
0XO9idds tbo one roi^ortod ^ iiailey (1^^) i:ar storied eoi^imi 
suggsoting tliot tlie inveatigated aijoelec idaA not parfoetiy ao^iuirod 
the Qtfiriod patH&Pa* <M I&W oUmt tiaiui» Oumso ceid l^ J^al ^1^1 )^ 
in oortoiA @ri4 aeno upeeioo oi^  ^Wft*f ei^ fyoaoaifi csad ^^ ttmise 
and I^ad£i23l (1977a) i^ eortala iadla» tro^ieal trmm li&^c lauod the 
Xeoeth Q£ ISioiS&m in i t ia l s to imU, ^bort^ Uwn Uio roi^ cn^ tod 
Xlcdt o^ ^aiXas^ (19SS3) l^ or »aR«otoriod ectpS^ ixiaf utiilo oortaln QQ£>* 
iMsra of llrrtoooao (lOaaQ IJOO) XoU nitMn tlio oacio liuit;* 
She ertruotural eHon^os ^ eoislt^ium at di£f oront lihcuioa c^ id 
stafias of d«nrelo0c»tit tia(vt> laeea t^forluid with JU^t ciloroaooi^e 
(1^ 02300 4 l^ el^ BQiola 1947| Buviat 10i^| iJir^t 1 9 6 ^ i.sau 1 ^ 5 ^ ¥u»us 
1^76t liadOi^ 19?7| lihsMi "mil li^bol t:i7i| mm 1900) oa ifoiX aa 
with alootron oica^oaaaiw (Jrivaatcnra 1966| ^jrivaatcnra <:^  ^'ijrlon 
1966f SlaUaood IPCSf i^Otottrda & Mdnsor 1i^ 69t iHraMaiOa 1971; iJ^ayn 
1970| I41a» 1970| Itoli 19711 B^mott 1979* 1979t ^^ iuda ir/5t 
^ J 
raro<KSitl & fioborOft 1^7^ l i a o U iWTh t^T'it I^ JOOai iJQflr» ^ Hoo 
19S1t HaO & msf^ 19S1f iiao & OQVO im^^t^h it iQ isaanm tmt tim 
of 
vallA^^usXi^ exna o^ JLXs eonaisw of tb@ usual oolXuXooo oaoociiatdd 
vi tb na(i«eoi:iitlOBia wSbatimxmQ* tiodiaX waUd o£ ru&Mora la iUa la 
tuxve beon r^iortoa t» he usufill^ tl)4Qi{«r thoD ta»a^i4al whilst 
Ojb^ oeiaJUjr <tiarliig tlie <3iQrogiQ«^  eml the priaory p i t fleJUbi Oi-pectr 
iiMOQt^t hmtatfm^^ raOial wills a£ aotlirs £imUmrsk la iUols 
have boon r^Mrtod to ooQtaiA oQoiiiil«rab2y loss ooUulose tiaaa U13 
taogcAtial i«{U^ (Holaoa t97^ Ocitoeisao isaub)* 
Sha tiXtrttttruotuTQ Q£ active cofitotal in i t ia ls lias rmeolod 
tliat tiid peritftol oyt^plasa lasuslly eontaiiis plasties IteoiOes ottior 
o rnml lss* Ills plsstJUaft ^pixmr to be obloroplasts ik^xmmula 
1970| l i m U i973$ Q&tm&m 1930^ iSsve & 'iao l^a^s)* ^ti\^ture 
of roy ia i t ia ls is besioalljr a l r i la r to t t^t o£ PjmUmm in i t ia io . 
Rsar in i t ia ls ars ganerall/ lytimtoloato cxki thsir iHAeiei ^e^ smuJUm' 
than thoso o£ £tisi£or@ oells (^ivost^mi tmd u'l^isn 1906 >• £ ^ 
prossnt sixionmtlaiis ooaCorta to thsao reix»*ts« 
'£hB iuQiiorm in i t ia ls hanr^  bo^ ci i^onorali/ r^ixirtod to be 
yointielsato regarciXsss ^ variation In tholr slse ii^oildy 1923| 
ii;«ass & im)mX»l» 1947i i^ ssu 1 ^ ^ rsbn 1^4) , Bail^iy i1920> Has 
dsooDStratod t ^ miiiyeleato ecndition o£ Aasifons coils a£ 
caaalQaPdbiiy large oiad ki a Q&fia^ r^ of ayiiniiiip !^<ffls« ^^ialnkirljrt u»i«*» 
appear 
Dntogtny vlieo the initia3U|/nMltinnoXeaW» llemewmr^ mltUoMtlaat^ 
Sin3iMfilfim fij^lylffiiBf iiiffi^wiiff fl^"^% ^^^ [*yf^^ Jfiitjdikifift 
jt^ljBi^ illoi^luai 1977)f JUtAkB fliWlilli iClioutto 4 ^«a» t:^ 77>» litl^ flilfiT' 
filftliiriTfflft (^teX 197^) snd In a luieribar oiT ireitieriaooae (UIIOUSG ot a l* 
ItiJ^)* like diss and diroc^tiLei^ oC ttio mM^lam vwpy M dilforoat 
MmMGBA$ 0tip&ciaLX^ In tiorfaaot GOKI ostive p^ i^oOa of oc^ aS^ iai ij2<Kn^ 
(£NWT a arert 196?t HOit^a ^ Hc^ oofiia I^Of YuniMi 1976t i^QJBibai ^/tft 
aiion 19771 i^l»al %9B% ^wfi 19ec^ ;^liMl^ul 1903)» m tbe proaent 
atuiSy tooy tlm nuMSlei G^EVO I^ OOH €l»o«nred to cleer@ooi» I B siso oiid 
Inercase la cr^roiaQtiel'^ during doroont poriod ooopared to ^lo o&tlvo 
ona* 
SIM eisalilal Ixiittola aro ixooHn to w^ sOorgo ontiollnal £»%a porl« 
ollEial Oiviaiaitt tAUUsh ore eXoe* %arm(k a& *i3ultl|>lloatlve* oiid 
*additlvo* dlvial4»o r^peetlvol^ Uisnom 19^t «)ii£f 4 £io2ixi l^l^i* 
1 ^ entlAHnaX dlvlalciis fvSa to t i ^ eaiaiilai ix^pulation to e<^e tfiiri 
th@ Inoroaslng elrou^grcstoo o£ oafdaiol c^limSer duo to rcxUal i^roirtii. 
nhilo tbe poriftltoal ooos inoroooe the mmtam^ &£ awrliratlvos «ia0aaV> 
ing noif £ihlo«sa and I^^IOQ dUioQiits* In storlod ooi^ feiiita cmtloiinaL 
division lo of rodlai lunglt^idlnal tgrpo tiiioti ooouro t^trot^it tbo 
3().j 
£&ttaa%iaa ai varUoal eoiX piat& isxm otm aad ^ thio GQIX ina otlier 
in a radial plcgm^ M ti/an^-tm'iM. mpishm 'Um iUvlaion Xo paouUo* 
tragaovorai® vitki tito ooll iidate x^unalne a£isot# o ^ intoTDoetisii^ tl^ > 
t»o radial voLXs ist dIXfiS'Qnt lovels (Xor v&flmt AtUSgeon m% oXm 
1971). 
.'^tiolinaX divieifiiia arc* gonoraUjr rostrleted to -ma oo^iax 
tkmy &E^ U} distributed oror d<99'3ral la^oi^ ^ o^ JuLa in tha ooiidlal 
sane* In ^ ^ present etuOy ttvs oat ld lna l dlvialimo aro radial 
limc;ltia(llnolt as la oUi«s^ ' spocloa with fitorlod CQfii>iuji^  
'%4*le^  fSM Ocrrslqpoc i^t of ray Init ia ls ImVQ h&xt iitMi%&d mit 
in dfftcOl W iief^-iOGm i194Qatbt 194lii«l»}t c^l Dram K%Mf^ in conl-
f ors and di^vtylodona* .4Kje dtl^ or p<»*tinm3t vorits s^l^tuX to ray 
in i t i a l i'itmaUon includo msmo o£ Klinlsim iXJi^it iiei^or ^1Ja/>| 
Chattaway iti^33t 1930)1 i^mmm i1U£^» 1i^^» 19S»3f fJ^H -vsrt 
i1f&9t 1j6l)f Cug^o C1^3» IJO?, 1969Qt&)| Jrlvostove CljCdOfb s^ 
OwftdXo (^  ju^ siHi i1il6<»)| diouae ^ ¥u»ud i1973}| 4^ :iOuae OTMI uibal 
(t977ii)| OKHISO and Ilaat3£il i1jm^)$ iiaaimil iXJWH ^^^ ii^nj and 
Barglidoro (1*Mb) cieia..ifl9d tiio vo.scuictf' rsQ^ a as iJCi-^ iory 
and aceondary dapoE d^in^  an tisolr Oe^ i^ :4n« irioory rety aay bo de^inod 
aa ro^B aocurring in ttm aeaoockiry body but arl^inatinji ia -;iJio 
priiaary tlsauas* .k^'^Mli:^^^ raya oric^lnato Xro!:a re^ lol t lala dcri.-
•Qd fre© fussif orrn on^ uUirljic; aociEEidary c^ jpofcrlii tUes^ t^ ^^ arr* lii^ toc i^ 
B^ uroQU 1~^T)« lie furtlier ioma thaX t l^ o^ae^uiU^ pri£!iltivc 
dioo^^UKlaQS possotto bd>tli UEiisoi'iatQ o^ id imyitisariato rays* ;^ >o 
unlacriate n^s ia priMtive .ortiks oro t^ u^U aiiA ooq^xieotl Q£' lor^o 
taoia body vliioh id laaao i^ <KC ooro or Xoos IsoaiaciotriG oelXa (^i 
lo»g lAisorlato vii%xm»^ oonoistliig of ee l i s oim;^ iiar to timt Q£ util* 
soriate rays* 13io ijenros-U^^od s^/oeleo lias a Qt»3p&slti.oa o£ uni* 
aoriato oa tf&U os oyiitiaoricxto rays liut tlio Lijutia0riato iJi:iQa do 
aot poonaea unlMriate tsdj^ i^ s* Ttm ro^s are oosaeKilt&t odvosi^ eoa h&r» 
Varimis ways of iisQr cl^ nrclc i^iioit hotv'e bmm dsisori'lKsd iay 
earXiar ii(»>ls;@re* A ai£N ;^io eeXl l^oy lie cut at t^ e^ cud o£ a iuQiXm-a 
QQH iUoxx^m 19f»1» 1:^1 i^mm VJ$'j$ Jrertf 1:>6^« aioy&o u lui^sst 
Xatoral oe i l laoy bo cut o^i *^ '^  oiO^ u^  fuaii'oro CM^ ii -k» i'c^ ra a rc^ 
i n i t i a l ilvV«a:% ll^^f tj<^1t 1'^ ^ti) ^i^us« ^ Yumtus 1'^ 73| ^ns^^^oo ami 
l^boX 137761 aiouise & ilaahmi^  1^ BQe» 1 ^ 1 | ^^ Is^ i^ 1i77| .^HM \jmi 
^iddiqui 1^3) <«r port Cii a fusliT s^rci ooXl sr igiola o£ i t laay be 
s«i^ E:iai&t^  1^ -&r@i28VQti9a aivi^iona t.. torm a t ier of potonticiX £W 
ixiiticOa (Smiley %j^t ii^i^j^^t^ 1^1 | Qtu^ i&s :t Tjsam \'/I3% i^sabDl 
t977| lOim 1977| Iqbol l/f-*! -iior* lyao)* Xa the iareaoat toveoti-
£@tiar%t ^m lm% t»<o d@d®& o^ z w dt^ velopiaecit pr^ o:^ ils;Lat3» .^^ leo 
i{J 
tbo ray initiolQ a^t eotal^ ULaliQdt tiiuy ootitimio to undcr(|0 pulti* 
plleation rostiltJyne in tto aolargesaant a£ Hio i w ^^ ^^  iliss'^^AOGm 
1941DI i^ raim 19f^ l>t J^i'w^ t 1^1» 19(>:^ aiouso & fynus t973| a^ouae ^ 
Iqbal 1977&f ll«MSlicd fJTfU In tlio pnostntly i;mr43@tieiit<xl ;ii<oei@i3» 
tlie ortMfiag <^gi:>ial royo i:pito oiTtcs^  i\itN» v i ^ massii &Ui&r rooultijo^ 
eosipioK ueiit has often iKKm lrau#it about lay dcrveXc^ aooRt G€ am 
groups CM? roy i&itia3.s out ft£ tbe Intanroning i\mU<mi o^Ha or tay 
tito miXtX^Xiaatlm oi tiMi alroad^y oxi^tiia^ rogf iaitlolG oi: ad^ooet 
Pfloolii oif rays CBcrgttocRu 1i41^ apivm ll^^i i^iXl^on e t ai« 19711 
QMMSO (k ¥uDus 19751 i^ K^KJOQ i* Iqbal 1977Q| yiKKmc ^ iJootiai IJjJOf 
1901| Xqbal l*^:^)* Jplltting Q£ UKOQ imd liroQd roya Into oiaailos' 
ones bos also \»aa ootiood i£j t^ io tov^^ti^toa {jg/ooiaa* ,.4^:4^^ 
obecsnmtloiad iidvo hom^ aaaki by oarULor tiorlsoris In a nut^ c^r of 
app les (iergtiooRi l!Mft»l»t i^ ttuni 196^t urert 1961| aio^ilo <^  usoii 
1964| (tiouso 4 Ifumts 197i| Oiouse ^ iq^ bdX 1P77a| UIOU&Q i^  lioaboi 
1977af I^ JSOof Kb«ai 1977| Uim tJOO), lis® a^^Ut of raya i s laroiij i^t 
of ray init iala tmd al&o lay Um oonrorsloR oi ray iili.^icJLs itito 
fusiform lAitiols (OiattsMoy 1933t 1933| anr^ i^ ooam IJ^ Olif .iopnoi^  
19^1t 1^ .aO| i»«Hrfc 1961). 
'^ libe roy init iala f ora ogi i^ t^e^ pmi port Q£ U-m e^M^imii t^ui 
oeeuqpy a oen&i4orca»Xo portion o£ tho oaoliiai cyJULn^ ior in tlM> impiao* 
tigatod opoe4e0« li^  tiKs prosoBit investisatiaeit rciy ii^ti^iiis ooeuiiy 
otiiigr wss^xsm bave HIIOHII tliat ^lo i^ rqportJUKi of ray in i t iak i ia 
a musiMir of ladion tr<^4Gal trooe varios froia 1 > * ^ i dn^Ksaaiii^  
on tbB g<iioti4» lao^ up m \ fell ad oi tbe «keo end aiae of tlio troe 
Qicuae a Iqbol 197&t 1977e4 (lioose ck Ijaaliol 1//7a| OKRISO ot aX« 
197Sa»b« t976flk» t9E^ a«aal & OHouso 1381{ Klim <yt aU t.m»et 19B2| 
Khan 19@0| BortMal «t al«t 1SB9)« iieiMvrcry tli@ earUwr ^ i^nOiiigs 
on tbiii aapeet do not a^roe tfith tlio prosont £ladlii£»« ainoo Uw^ 
€L11 flhoH that ttm fusifora Jnitialo oonatitato oore t^ c^^  ^^j of 
tlie OQQbial csfUMat CBelX@y 1^33| WUJMO l i^Jt %Mk§ ^/gmlamHi 
19711 ButtorfioM 1972} tiargorlo £> Fuj^ads^ioiiai 1977>« oi tiio 
otbar htfbdf the proportlack oC fuoifQTQ toitioJIifl oiKSr iaiU ofl Xow no 
23^ 4 in a dioot ^ t^oeioo ((ilioyso & Yvaum 1974i>}* 
pai^uni^ysa :^i(i seXeroKualQroa In i t s vortioal asFSts^i m-ui rimliaU^ 
into €tiiQit:»tiiig a»d iiai«oaiuluctliig aiQ»es* !itie f 4»%3^ r witii acUvo 
I t ecisv&rte org^ua^Uy Into Urn iiOE^ *oot34luetiBg son^ wi:^i tioa p-ot^ i^ * 
plm% mt ooq|^ eiiQ» oeXXsi l»dgisad to disiategrato oi^  eaiJ^oae mgiioi^ 
%Xmk x^Q&iss^ m% 'U-»Qix> m^ 'miX^ m^ lat tr i i i iiall3« .^oces^ ^r Igitcir 
tli® aieve-uuljo eleeseata liot assbiiped dts« to tiie isrijseyr© «aru^ted 
oa i^Ki^ ats h@is beeo r^xtrtcid In & mas^m ^ dio^l®dE)du@ spu^ic^ l>y 
Oi^jtlle ik jam v1964)f Elu^ i1^77)| Qtmme &. lioMmi Kidtt^m^ iMOm§h), 
VJmn (1980) md .ii4di%yi if-M3)* k'iimU^ ma ^ia»«ctiodu6titi0 siovo 
oXesisets and their seaooiatod ocMipaiiicxi e@2M ooijlapsd ea£i»i@tei3r 
as roportod Qiirli<ar la Ajfllborfda ii^ 'i6i.M)e v. Y\as&m iJ7^)$ aaio 
iiasisai 1;>79^ i t^MiOm} md in eertaii) cooifors ii\bl»9 caad orolta 1^3 )^* 
aiflve^tuix) mm^^ms'& oooisr ki ^m^^s in tMs spaeien* iliey 
ertt ioQg, dX6Eid0r md @nt^ &X&atOt liearing diatii:^t ^i^ive areas on 
let^rol mU£ arid sii!|>i0 ^iove plate on th& sligliU^ ot»ii(|ue e;xl 
vaiis* 'Ahcy are anrsni^od orid to m^ fcrtsd^ l^^  li»ie patiara/a* Qie 
] ? . ! 
0i0V@«ti^e IW^3^M:^^ eodiibit dtariad a>att^ii of ti:m^mkiAal tiors^ afl 
do l^ ic ociPlJiQl iiU.tlal«« loOioatiiii tb&t ihoi^ ore pl^is^moti-oculy 
1:1^  sX£nro<i<tubo ciaQl>«ro ore us%iQily ciJtortar thmi ftusiconj 
^aliM (;:^ r«»*t 19^9&)| ikjIhttmlA 9m* (^oua<3 & ¥imi» 1^^)} a<^e 
s»Qgi>Dlfl Bolcl/tora (Xqtial <^  QIIOUSQ I^T/b)! AfiBdyfi Httff1iAft6 U i^ticd 
19?9) end oortain l^rtoeoae C^ iJioii tjsa)« 
i^ ieve-^tube O&JLXQ are ktaokin to traaAl.oeatQ tkm piK)tdsynthate 
ever dinoQ t^iair aid4»irc3ry laor ii«rtl^ (1SJ(7)« Crafts \%jjit tJj^) 
•stiiaated thu aetive l^ aili area te I»Q aibout 2a^ throuc^ ii mxioh trans* 
locsttioa oQOurredU la otiier iforaa^ ooiy tMs ii^ ueii ar(^ i s <^0;jpiod 
or inmn stortii iC n^tny 1il7»» iiitiiaatl^an of ti^ aroa af ai@vo«^ ui>$ 
TiOi^ era la nm coKiduetlas pliioo&i ahoiiS' tliat t^ ii3Vt)sti^ at<34l apoei^^ 
poasas^a J>^.'-> aietlv© csynduo^ biiig ar@a ii^ t^ ia adult ztoQ ia*uak« 
Sixiraf^ Hr^ i tii^ pr^amit linnUaga aro not in agracnaotit ^t i i tii@ i::ypcH» 
thaais of oi'^ af u^  Ijixt teoci to plaad for fiu»im*@ ^ancluaiai* .iore or 
laaa aiciiOar oonditiaa vaa roportod W ^^ a^X i1;^9) in MSSiiA 
iUif^ifla^ '^''^  pr^sont atikly toi^othi^ witli othe^ a^ iyoit^ o '^ ot oX I'J^Jt 
£>iiana at al 1;^ 7C^  Lex/t/sa ik Cc^ n^y li^Og Lmt(m 1i/72| UK)US& a lio^mi 
f)nH Qimme a t al» 197^ md HhoX iH9} iaaicatcia tiiat tbo mUvQ 
oroa ill th0 c»i<li4Stin^ piaXooo i s n^ ora ar iaas ax>aciaa apeeiiia* 
i / i 
fhXo^i Libras t ^^<^ tmebmiimk tX&nvm oi Um barkf i<ira 
peitetios «itii<^ ore i£ tuna grxttfigiKi in tsssiic i^tiaal 'omy^ r^ an^ ^UteiC^ 
1^ i« typa V I I dosQiHaed ^ iiitouao «t &U %iJT9)* ^1^ Q<xle ^t 4k>« 
parenotiyaat i^iicih givos « otiaretetciridtio Ia<ik %o the l^ iisri: oi >^ M2 
:^ail3i^  1'9^9| a^nttaci t 9 ^ | Boribcr 1$6;2| oi-W "^ 1^7| '^ o^ose ^ Itaatjj^  
19740, t.J7^| Ohouso <k jQjoir fJth$ ^MdXfsdL et aU 1i7<>| Uic«uso 4. 
ilaalJol iy/<n«» 1979af Of liiCli^fef a*oi«sii c* wa;ai*i 1i?^| -^ aj^ xjo ti?t VJ.« 
1i?a», 19791 lUiaei l^ c^id}* 
aetfTotri eionaate «fith Xaii^ tap^i2:ig €iids mid iX^iii iod weuxa* AIJ€^ 
are 6«64«?«14 tiiaes loe&g^ tl'ian £uaiJtc»% jUiit.ial9« '*:'iitsi i& oeviuuii-
Xjr du«i to tlie i^iaciX Intru^iiro &^mttib. Q£ tho ^il»*ao as ol^o «>asux** 
Y«Kl earliflr M faaoy a|Mi«i4Mi (^UCK^ I S ^ t i^ uadu ^ ^ati l;io1} i.i@d& u 
ParcnaeaMsra^ 1'972| CS^ mis^  4 . ^ i r 1;374} o^ouso a '^uoua 1:;/^ } 
aii^llqi ot al« 1J76| UK»JS6 (k Ijxaimi, tiV^af ajwuou ^^  ^ qK»ai. UV;^;* 
file iatruaivoly ip^ oim ^llitQ apicoa a^:iiil3it e^-rtciin ;^ 0£^ i^ sciax«ii,lckyL 
peouliaritl@s su^^ as r^c^ 3ia IUE^OI^ , £(Xti&ia^9 d&rratiar^ .nm vkmto* 
liksAre lii^cti made ^ tAjsmQ <» i.-iii^imGS!*mt(m ii)^'2./ a^ ^ VQLL m^ ^tsiiaasi oua 
1 i /. 
eoeidtuctl»6 aocio ami t l isy prollXcarato t o f ^ ' u d i l a t ed r^n em aisv 
i n mme ot l ier a i x ^ i ^ ^ ii>«imoid<^ 1'^^t fj!^$ l ^ ^ t u imt t i sv^ t-i^iKlj 
a ^ i a l par^iCiJifaa and ra;/ i^ijroaciayiaa © j i i s« AISO oiSQut'Tisioe c i^iu tia© 
m^rmm^^-'cnt o f tl ioso oioracata vary i o dii 'f<sfoat i j t JM^ a£ plaiato. 
vt^3!t''/l'&$xm'Qpj& wiQd Qcr^^rlsos ologsimts t l^at vary Mi slm^ cikupo £«ki 
i n tit© £1046 i ^ iirraaoc^r.^st« Tim asranifoocjit &C v^aso^Jjis i n pcarU.* 
d U a r foi^tas n Ql'ia£'aot^*i.*istic i'oaturia i»id i s usod i'or Urn i^mi'tX^lctx-
t i o a of ap^oies* 'ibe 'm^oiX i d o f OiiXuse pcn^uu tjr*p6 i n ttse s|>eci.o£i 
etudioO* the vosaeX pors^ ore u^juaiiy iaoiatoci f r t ^ cj^ ne cgio- l^ia*'' <.^  
o^Qurriog i n rc id ia l iauXti|^.3a o f 2«4« oodaaXomiXiy acir3« 'Bioii^ 
r o t a t i v e m^oposttifxa, has )a@ »^ noted to vary f r f ^ ^•ii^i'^wTU:-' i i i mMJdX 
t r e e tns)&« 
fl'io di^pynt emd d i s t r i b u t i o n at Q^IBX imt0OGii^fm& vaxy i n Uic 
4i i . ' ferc«t dieot/X^idUmmid spocJLoa anxl i t ©tvea a einas-acteriatic 
t^i^V.xs^ tQ WJo4 t'?'elm 1:^ 74) • *«¥; a^uLai poroftal'iyBQ i s €ipotraolic»cwl» 
J / ..i 
Sat®fi spesls©* 'Skm ism'M&X iMcs^mnX in ti'*. »>Q4 .:iiii$'itJ.ty la reco i l 
iusiform iniltiala aa la moiiy o-t«im* si>©oia8 audi aa *^s i^diua fflff-'HYp 
A occiaMfiarablo oti^unt oi' mii^ cmistta ici the; JLit^jratoro 
x^eii^rding the nood iiJ^aro Xiitc t^n i a di<K>tyia<^ Uma aod Q^moa^^c'saa 
Uor review iiitwooctie 1J61} Ouxiaa & Xqbal I'^ IS^)* 
in tile pi*©a«»ti3r iaviaatlafit-etl s:;.>ecio3, tJio lt^n[;%ii and (n^^iGul 
aaoiXostaticsa o,- aswBiratea ^n^h^a f ibr«iO laaicjato tiiat tliuy 'ja«.iar£-o 
a*>I.Cal Jatnisivo 4vroytlif ^•!K>-6»35 tisies over tij- nim Of- tii^ir 
Eio..i*ei* i n i t i a l s in Um s ^ i l t tr#€ tri;aafc« "Hm ^t/iea I'itores aotiSiax* 
aJjorttr tJaasi tlis piiio<® fibr^Cni - ^ t Urn reverse I'ic^ beKS'i ra,><.w*t©d 
t^ /^aaad e t ai» (UTQ) ia jf^ i^j^ ^cy^^ tdA«ar« vjood .fibres wtjre ';>^ -i tiiaas 
t^iiia the phXoes fil^'^s mly C»2 tlsaos Xmiist^ t;..'.m fueO-t^tia . iai t iaio, 
aasse other r^caiit re|xsrta rogardiail tlie lafte,tii mid. intmaivc: c^^mrUi 
of jqrlcsi i'it^ros with r@5P'@ot to t i ^ i^tlicr iiii'U.^JU in&iuda tiM a^c 
of ICliCsni e t al« (1:?7^ iH?) «j aooo ¥orli<aiaooa©| of ia-icja a t c*U il^T^c/ 
ii<^j) on fralilAg,liirfflB fiWtottt AJ^fiOjfalii mmAsM «^KI ^aiiiaQiA 
i V4 
"im Icmglh ot xyl&Q tiistmi vorla^ @ff»0taiy izsM 1«4«1,a 
%im& o v ^ Uitolr ootlior i n i t i a l s in -Hio si>@<slaa i avos t l ^ tod 1^ 
tim above tfoclcerd titit in <xie of tlio apoel&o tlie SUSTQH ^^OW ^^^ 
tloaa* Ugi^ ovar^ Oieadle (1937) found ^ ^ 3^1@@ i'il^<^ t^o t^ f^ cjv 
1^«4D tl£aos oviiT tkm alx& Q€ UIQXT txntiwiz' ixkltXaXo 1» Bmm voo(^ 
i41.ta€oag> 
-8 ! • ) • 
el©iaaits Qi VGScoiar ©aiJ?-l^ :} tj:Mi^ «rga sts'^j^ti^OA ana als-xinoxiMiaJ^ 
c^Qjiios ^itli tlio eruwiiig agt^. ..arii@r stodios Ai*al©ate ^i?3t t^io 
l^iagtii oi.' iimli&m 4aitia.s.a iiierc»a0oa *iit>:. tiio laci^oasirii, a^2& oi 
Urn W'Q^ truali imt ai tor •^'a-tsijiilj-j.ij cer taia afaxi^ s,«% i t 4^ 4*ts s t a ^ i l i -
1-ji6a| Cia*iqiil:st 1J62| ^ -^Vert t>61 , 1':^ite| uiiwuse i^. k'ia:ius I J / J i 
(iwAiiiQ vA i^ialiait i:^iQOt 1:Alt} ikiSlii i i Wflt iUioii ^jHh ''Am ioiiut*» 
s ta to l l i aa t l 'm ai'"&cjr ari l a l t i c u tocrooi^o i^jaiiiry 1^4 *^} caruquist 
1 , ^1 oaatiAe tJ<>3f iJCs?* 1-» /^i?} i^yttes' i ' isM %JiZi* «i€ft#vV.r, 'fcicy 
1^?*^» lite Qii^li-^ Oi fuj».iyrw li i i t i i i ls tiw* oiosit^auo Ui i^Mi^^^oX 
fftigci ia cluo to iiMiisrwtt dytorg^nea VatXmh Uxa^i to Urn rQ-*42 w 
^ 7 - > 
tmtic^hiQ.1 ...ivlai^itu ./ii.4J.ariy, .jsiioia i1j^t?i liS^O; o.:i>4iQsi.aoa u u i 
t a o t pa t te rn ol ler i i^ i va, ia t la t i iii ti-aciia4tla Oi' ccr ta i i i iJfiyi, 
At boa tmoii esausaaiated XJ^ eos-'-iior wc f^iia -^s \-.^&^IQ tti72| *^a4ie:,' 
£^. .iii0i3iard 1J15| i-©o « ..*ii*itl:i 1 '^1i*| i^mM 1^3^| iietl^sl 1-#4t| ..iadswt'ii 
i o r s toiwials increases XtQ^^ Utm aaa© ivafat'ao ruciCiiit. a Lia.ii.i.»au a t 
ima tKioi'i $\-)<3os'aeci a t auout t/'^ o^ -^ ^^  "^e^ Ihii^^M^m I^MJ t::«G^nkti..iA 
tiiG lu:i^it l0voi aiaii;:, tUiC^  t reo* i t m»jm& mi ii4craQaii"4t» U'cjid .**^ j.a 
bud^ uprfat'os r«/aCi*l0t;, a .iM:i&iA.aiCi a t \/2 uf t r ea i,i0:^i^.%. 31U. tiMsa a 
^ e d u a l discreaso tuwcu'ds ^ap* 
able ciiosrHjC i a ri;,kii,ia;i to iocreaao- JUi cii^cuaioreJiCi^ o* -»io c.i, .i^i-ai. 
cyiSiiider. *iie cli-'Os^iai'cJ'fflj.itiai voi'-iatlQB'i in ocuauiai. e^iiiider •tt^i.uviior 
vi'th tiie boiciiw i roi . Uxa uaao ^^ si t2io troo 'ur^MUi a^ iOwa a ro.-iUi*»avlu 
a,:^iJ«»ccialii.y ii* Ijotii tix. oaaas ta i^ive *rx;iC' to .-Uiitlser^atc- a^^Xijl 
roya iii aidor axis ati*.i QI yjk,; iiaoe ©i' ilia tfticiii iL: t^ic iiiVuaiic.a'Ufu 
aptxiilea os was jr-o,^ ojrtcxl e a r i i o r ^.^ttliqy lJ«i^j .,^ *.ai*i t^i^^i u.4u.v«ie ^. 
J / i 
l£\m\m I^V'Ji Uiauac u iqtjai lJV7s; ^ioaiaal UHi S^MX.. \jn% J.qLtai l^ f j , 
iiisUff ra^jidly mymx i t la a 4 ^ ^ iHit ^ms^Q l:i 11 ^ .^ u^ i:iaa'&aav^>^» i^ i 
noiab^r a-f rs^ y^a per unll art'© of t»ig®itiai vi'.,tif« ...•ja'Cd-'ary or ^siia, 
pdi- tsiit ai'-ea 1-.. the iiros^mtiy iL'iVeaii«,^ atied a^ *..©!. a* *..c saiii--->^ 
lao rat»io OA ray afki ^uaiiOi-u i i i i t i a l s aiow ai-^ AOTo i-. t^ *o 
fouad to vat7 irQiii 32.. to 4u > iis t^ a^ ct^ aiidaX cyiJUido.- vjf varyi-.4, 
cirei.4L2iQrciico siio^iiig iio set .pattona ii* Uic iiwuawl^a.^O'i .,;,-..cit,-ii« 
Aiie aiiiifciaj;i in rooui^ood ii'> tii*.; axis oi W^ Ota cii'tsu'iCwr^ace .:iia tiio 
laaxisasa iin tliiat oi: 1/i» 02 axis», m^ore t-ic ruy itii-uiciiv ..-oiU-piy 
vigc^tHKsly aiKi a r ^ i d ccaivcroioii u* iuiiiXora iiitu ray liilul.ii.^ wiiics 
place* Aii€ ray ia i t ia l i j Cwi*3i.i"«.-te ai>Qiit Zl.- w ^ . ui -isKf ttMioOii* 
t i a i oroa of csasj^iai cyi-J^itior witii tlie iiicr'©j'i3li*4; aircuOiuroiiGt.- a....i 
dooi'aoaiiis iieiii'^t ieval Ui^ ta 7«64 aoter uii Ui«i truk'Jii. .n iii^ S'^ jaa:? 
i^ i tiia prop<^*tloii of Toy iji i i i i i is imuor sit.JJ^M' aitviatioti ikiS ueai 
j y s 
tiio bark 'i*.leimo6S hm ttoai noticad An Uiu i>ra8<ait iiiVt:'istit,a'i*AOfi 
fro... tlio y^uEig otcMa axis t*^  tiOG oJUi triKJk* . ai»:ii^ai" U'mid .iaa Oou. 
r<Oi>art#d ^ ¥tiiiua U/i^6> Ui ^JMm'^ila ^jjntmat aoMi^jl \1j7/ i ii> 
ijoceiaijor^ »^Qeuj^ iai vai'i-ati.Qii isi tiki 4ept.;. a-. c^id^oCt^i^ 4 .^^ 00.-. u^ . 
1;i?1| i-awtyiif 'ij72» 1-^ V6| yiiOj^ se <-< **aai:iiaii» 1i?l»; iu^iua* 1^/u} i^iasit 
1^/7| Uiouoc* ^ iiii£ihalf ly / ia t IjOwat-J&i i^Ualp 1 i / J | i^^Kii^ lAJv-'j. 
Xi*n;ja i e ^ i>nmi a ali.lii-^ttii* i i de„.ti* ^-iiau "Ij^yjhj^ ui^ lu^ wTc- ^1JV»2/, 
ttsToctiTpc^aaw. 
•i f 1 / J 
e-if©ct uKi WiQ ©GObial 4oi ' ivatlva3t «oss5arisc«i a-^iiid no ratal... a-^sit, 
tiiQ ©csits'ei i^itii In dii^iarimt ^j-^^th rin^Q* *iO«^  -roii the piti* 
r o n t ii^J^'i aJfi-^ Imcauije sucti aioticiita ai."o i-*roducoa yii;.:ei' u.--., iicjijo 
ri;2V--ais t^ 'i^ t^ l*i -tiio code oJ: piilocs:*^ Ui.: v^iriyuo CKiCi;,-*a;'i(ii.t, ;^;A€?;-»->.vUi 
lacsroaaoo 4>^ss^ual4y *roa yyim,^ .©** to QMOT C^ JIXO t l i i J.-*. :,it,Ma.ii4© a 
aaHiiaaa ari^ i tiion tc^ids t a roseola c^-iskjsrit ai'-lrC-r ®iyo;"'iGi>icii'^ 3^ a 
a gradual JUiCX*oaiiO ...r^y tiia t a p a« U^J U'OC dc3«SJi**®ar-.3 Ix^l i t 
UJ 
dlffprofit 04^ © grmi^ 'U'&M WUHO i t io i-sootiy ay,>a&"CiSit a t •.ii..iAai'c;^ ii 
liQlijit l eve l s baX'^ini, a -oii/# *iicr r a d i a l csr*.,. ^timL^it^-U. -^ia^ict-s'a 
Q£ si€rVd«»tubo aocttcra alao yB4«:sreo a firauual i ^ * wii.4i viio iuct 'oae-
iag, g i r t i i oi Ui<^ axis or ITOQ t ap t o tjottota a£ \jiQ ti 'ou. •••. aL.d.lax' 
traad of Vtsriatioo iia icKii,ti-j s*sd t?i.itla oi' oieve-tatH;' m^Mji^a hiss 
beoa ret>ortv.>a ly luniia \1 j76/ t »iasiiai i19''??it i^btu w' i«.jy.iso v1^'/?i»t 
1979) £sa«i Mj^n it9QC)/ OKUI Q«ti:*ils«tQ4 t^ Urn Imit^Ui oi i-aiiiXoTQ 
i r i i t i o i s ad 'iwsll aa to tlie socio of iik^ii" <ayVeia^ X3ut*«« Aii 'tlie i«''o«» 
«Ma»tig^  inVwStiisat^ og^sQioa^ ai^jvcr-iub© cio.,l*orG lJaaa^ -».^ a o^^^'wor 'U i^^ i 
iuaiXarci i i ^ i t i a l s a t a l i imlijr^ anti giiisii icvuiii aiiv- 'iijiya coiuoi^u 
t o tile ...kidiii^ of .-.v©i*t i1ji»3a/» sjlK»yaa v* iiifius vU/i^^f iiasti^ii 
il3*77)i IqhoX ^ aisxiiics i l i ^ / / ^ , iqi^oi ^197^^ aiiu i^-jai vt^*^/. 
ifcliQ number a£ siovo-tulm uicsKm^^s jxsr tjc i^il ai."aa '^ * iia**'uacvi..* ,^, 
laliioeja JUiCi^ <3Cisesi>radu,iiiy i'roo oiiier '*o youiio*2i"' oisla i . f^i^p^ 
aing patttJiTij whiia <U££ijr'j^it iieii^it idVoxa atiow a . ^nr a U 
iacrG£i0O UiAt i r r ^gu ia r p^ittoriA, ^.iM'iu-'i&in^l^f uiove-tuiio iiToo oui* 
Cyiatoii per u n i t ptiiaa-i iirc-a ahijuz a vtsvm'ao trmuim At i^iCVijaoQ^ 
trmsi yuuKi^sr t o oioei. esdua or i r o a t<^ as. tiic ire© bm&aaX'dQ tlXx 
i t r o^ lma a ostKiou^* 'ilm s i ovc - tu^ ' sraa at^^aiiia a m^mym^y t o -
warda base ui'iiXo i t dcciii>a£i s t s ^ l i l y wit*s tl^' cU'-aiy4.'arui'i«o o^ .' uiu 
a s i s oftQr attaifil^Mg a ix^al; a t 1^»63 laeta: Ucit>^- -i-ii- i^ 1-^ '-' c*-^  
eiroissi:ar<^'iec £*c- ,^>(3«tiveiy» .. ai^4u.ar trcsrki oayGcTd iii ^^ fiii^ l^ i^ ifi^ f^ f 
&A^Aii«flt .r^ a^feyp.lfit^  aaftMata -'^^^ ^M^dA MmAomk ^^^^ i^^^« 
i l l 
incrooaoa ^roa tiie tap baocmrjr^. AH ^s^S^viS QXQO, UI-.. l-.jUi_U* «-
dOiA i^d a.. t*ic r.-,i£itti.vc a lso oi' «i4-.::ii* ;::,A^ Uiu-.' iiii-^l ,.i«,> ac \:ie^.i osiii a,, 
isivXIlCiVQ i j r i . ^ ^ i 4 ^ - 1 ^ * i C Oi-' 0O...-..iU.. w i t . . i>li*.>c:. f i lCuCJ ^-wSi^^J^ 1 > ^ - J 
i1J<f7bif Iqbal vi aiiXiGo vlj77b) and Uunua o t tilt ilJ71^» 
thic aizo oi£ ip*%lQ»dni iite^os v a r i c j ca:i3iaor'Oiii,^/ ncr^ -'GO tik, 
bark u*2pouUi»»4^  OR ti:ie at;^ <^* tiie CGOt^ iuci :.:."ui:i i5S.i.i.0ii -iicni? ai^ '-^ t^ i^Eiat; 
\n 
1^0 i^ Xor roviow UAOUSC .^^  i .^bal l^^^t i i jbal ^ uu^uau 1>j^/« A.ie 
j3..-cciuO w-xiiod ou t ao i a r * ,4 cutitli'uious i a i i lii ±,£1, Ui «J. ^i^r. /S 
3r0 i^;M9^Aa rnMlymiiiiya i:^M>tf:i^4A ^^^ .m'F4ihilki m^mii -y w.auoc .... 
a r e iiitiiiitcti »ODewh%re ncsm' -Ui^ j . i ida ie aX •*^ ie a^ i^i-ii. .iuwovc*> u-is^  
tiiC puuiL^o;* Qi the uieiafJiiL-a a'-iV-rji«Hi3 towaT'^ i^ i ^^^ jorL^Hiorj MI 
r a i l CiCi'^ oa;., tl'ic baxISf Qii.iiCi<iii.,,iJi tii^- pc.£'ipLiecai i ' i a ro s u^u^  3ij<^.^.;t 
tlia^i u-uae nQQs:- Um QI^J^LOL^ i^ vsiiQuae -^ i^iQeJ.f 1,/j.'y« »i*«- i . c^U-
£iorii2 *.>i,i<.iU iii iiiL; oai»ai' bas'k ry^,, .csia lii a'4.u''iuytat^-^ -^ ^ jv^ a^e 
n;i 
Wiilcii "LiKjy iiava uevulapod i^»iK*^ «^ a -^  JEUSWS 1^/ui*} wii^iuie ••• iqiiai-
1ii»??t)| OioiA c^" e t ai» lAl3a/» t>ut Uic f ib re l<j.»,,'Ui j>rai>auly aoi^uii^s 
aXi.>er4aiico» In. caisea viiKjr., 'Uio £lt>rea ar© ia:i4.,r-.-i'' i** ^>ei'i.d.ic«i'ai 
a relatl-voiy raij^la, oi' a ^jkruia^i^ed ai^iCul eitt"ii,;riviui v-4*0030 -'. 
ap ica l ii'jtruusive sruisrUi aiitl tiie intorwai. laci^a,, a *. vuui'Ji^^ iiic i^ot^'Ui 
d.jiX"ii:i£ t^ ics ifioX'mit i^iy^ith yuara v^^oi.ajti a ...iuci.:iUi 1//t>ij| U.-JUOV 
-•^  hasiiiai %JM&$ aiOuao - iqbal 1^7/t>i» 
ihc Cw;ii sigo vari.ticg'i ai xylory uXoiaoiiUi lias xui^ ,^ Ui^^ o 
o£ ro4x;»rta are aVaiiabic; oei Gi.»2 va4'i>:..v.iot; a- ^.-aCfit^ida c '^t. f iurei. 
tiio pitii a.'iil hcl^i-it fraci tiia tir-^ tci^ * ii'Oi' review -..fiirr ..^  . •/V::jrii*mi 
\&*i :J -^«*aavLle l^t^lj v^iuu^jt ••> i;,bv.il 1,i5w/» but Uio i;i--j*\.t..ui05i *;J 
s t i l l 2Xoa£/'o wia; ro^ard tw Uk:. v Sijoi ••}j,o,:^n.^m 
«.i«» Vcsoei aociayiita ^jr'adaoiiy IxiOi'dAH^ h'i i«ii<.>h viiu.i i*ie 
gii 'tii oi' UJC Owa£i t i n t.*cy atw,..iri u..ii* iaa^u.-ita i^iic* 'L.di wiHJOLica 
1 8^ 1 
oi vesse l segsu^ts has, ijo^n roijorted t o Iricreaaa I'rom top Daaewai*tia, 
tij:id to rujaain coastafxt for soi:^ diataiCe onid i'iiiaj.iy decl ine noai 
the isrouna iuvoi In 48a^ug_ MPDOC£^ ;^aQUBa (juadrasivarao ^ .vazoa 
Uiouae 1977a i , j ^ M t o ^^>^^^f! i^^^axi a Giiouae l y / / / ami l,iM^ r^rocui-fi 
(oundrasivarao c t a l . 1973>* But the ioiietii ;f vasse i act^orita lii 
4^9f#,ai^  . ^aba r i cu ia aiiows a dii '^oront trend o£ vai-iatioti lii reXaUoii 
t o tiia haitiiit l e v e l . I t a t ab i i l zea ear ly lii i t s oi-itogasiy wi-fcii a 
^ i ^ i X i c a n t decrease iii l<i%th a t 1Q,69 la iioic^it 1.JV.-1 a^ ici turn a 
co.ista»cy tovrai^ d J^ t'ac base ol tlio t r e e , ^Q V-SSQI aemunx^ hi 
iioaatoax taalabarlcusa are aigiAUicancly si iorter a t t . e r-up tiiojri a t Uie 
base as reported i'or i'^troaj^^^9|f cpllirm. (.^astrapad^a '^~ ^jsoureux 
1 j6i^} oiic. ^Qtul^ (^-iliat a iiai:'kkalnen lyBIa). in 'Uie Jbivestit,at€>d 
aixjcies tile leiii^tii of voaaei s©£,iiQiitc ixae becm uoteii to iiicx'ease yrsL" 
duai ly upto a ot;^^aln iX)c;lLia: li'j re ia t io t i to clii'.tjmce iron pi t i i ;,ui. 
thrai to fiiiow all ii^QguXar p?i t tem, but witii an oviaraH iticxaaae \.o-
wards coiabial cyliTidor, j t o t i a t i c a l cjiialysia CiU'rled out by uduuae 
e t a l . v1;^3b) has oiiowji t i i^t , in .^M?aS ^^a^tf4ff,^» ^ ^ cloiiionta 
occuiTiiii, near ttie piti i ssre si^^iif icfoatiy shortor tiion those away 
Xrota i t . 'Xhorefore, tti*2 iJi^^auat Xija-.^ iiigs on fctosriOax ai^ o in a^eeufocit 
witti those cai fietijua .i^ ^dy^ar^  md Uptf\xUx p^^^^^m ^^iat ^ r^orkkaiiieii 
IbJOIa;; .sjfiafiia l l ^ t t o ^^^^ iiT9^^.mkQ, ,ai4fitef3^:a Uqoal 1J7i^)| 
ag1^^§ife.Uff9a 9.9MMm ( -aatrc^padja .^ jLeuaoureux "i^i^) and y a i a ^ '^•x^et-a 
i-juadrasivarao e t a l . 1J73y% 
1 y 
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tm V&^QBX au2ii»Gr' i^ isr t j i i t area o '^ W-AM in i^imbm. 
a lde r axis a r froD top baiseivai'da ia a "fcr©o or X '^<i^  plt i i aut\^?srtis 
a t 1,1 v«i pOiiitiai a i tlic trurik* iv^mfVoTf ./-aiitrs^aEya <.•; .4,ai^ K>us^ eujt 
iiJ^^) liav^^ r^jJortcHi a s imi iar U*<Mid of vari-j'sloti iii Ui.:, irQc^itmicy 
Qi VGS^ois fi^ 'Oia tap NtwswQTs^ s i»»t a roverae txtiid Xi'uta .,-1'lri.* cMtwards 
In tlie -mjBk of ml tCaaJ ,^^^ JS^llJkli^ ^^ s a r t ^ ^ ^ t , th^ rwiijstAQW 
Ej^ rst Jii 'sho IxMMm s i ae ai: tJitj Vc;Sa#iSt as *^ -^- £';'«iiai a ^ ti3gyi4i,€Otial 
or fry»a pi t ; . outfe^arOa* ~ut tlw oioiK^ter vtiTiatio;! iiauwi aii ecariy 
lacreaSQ ioiiowe^ Ijy ce«%sta»tc/ BSI^QT reaciiing cci ' tain c^sxiaiOi Crou 
youofeer to oidoar axis* -^iici^ i <%1^ -Ji ©l^servecl 'Uie -.a*^ 'tartaMi hi 
K^skjll^t^mm citrj |nua* i^^^fi^^itaiia ^aoula-tfa m^^ .,^Mimu^ J^^Sl^JiSS^ 
wiiiie i^t ' ia c t a i . ilsl'/o) ^aiu i%l>al ^ Uftauay »k'U77a/ iicivo r®y'art«3d 
a CiSntiriu^us iiici'^ease ir. a i aea t a r s a l ves-sieiis £riju ygmi^ajr- to Qidei' 
'Itie vcasa i ara^ JUi a^}ife>a« ©atiiii^tod ^^r ut i l t QPQB m^ami a 
cXomi r^lixx^immiilp witli irodaei »ai.::^(ir* i t @Kiiii>it^ a iiTaduai ..j:^ -^ . 
ai^'iii 'Iccait decTa^© iij tnfiak from top foaaewards or ipom piUi e^t* 
waiMs* A1%€* aa*^ tr^Ml ircKS ttio top basewarda iiaa iNsai rui.»oi''t©d by 
^t®Aff0r ( ta^^ / t toaiidcss i1i^J4j» i ^ i o r i1i6at iJl^/^ Vvirda li 
I>€fla^ «r2^  i,1^J30) asici tjiiat a **axld!j.aiiiiiri itjQib) iri tii« tjnaii;© ol' «av©* 
r a l iJ^ Tilferood 3^>eciea i$id £r<m plUi outws^'OS ©y <.>aviiia ^ i.-'^ erelygii.-i 
i '3 :i 
(1^36), lUiJala i 1 i ^ ) t v?ill«iaaa i1i:/>)» '^mli ^^JlJ) m-^ i^iat u 
cot^timiousiy irom the top bud awards In raMilrVII liitii^Wfi <^'*^^^ iJ77i 
end to romxia oXatrnt oonstarit aftor 63i^p<^iaiicing oia i^ii t iai Mcruaac 
proportion JUi 'die ^uvenlltt w^ j^od ia du« to tho gr©at..,ir r. ,iibar lai" 
veaaeXs preseat par unit iirea near tliQ plti:i r&gic^ ^r Ixi th^ e yoyo^or 
QXlB o£ Um orown (OXlifiGttiA 19^^ aii4 Miat » K o^rlslialiiSKi tM^t fM^h)m 
In dl£i&r&at ago gi^ mip trdea oi ^kaala^ JJi^ ^M^^ ^^ '^^ lMir ^"^ vessel 
aroa ^ows a ocntitiufHis kaxmeae ^oli.ow«d ^ 0 i^smmX ddorease witta 
tJie lacraaaing ateia ©iroim^oratt©©* iMt i^ Oiati O^e^) to^d a steady 
increase In Uhn vee JOI propi^ii^aa witii the gi»owit*4 axis liirth in 
'yftimnlafflliffl fflli1iir\f\ffll ^ ^ lijftillMyjrllfl Blifflliiftlrfi • '^^^ iniitiaX i£iox^ @aa« 
was £QllcntQii ^ a ooaatancy i^ #¥"pa^ ilfBfrfAflglJ-
^ ^jca^^ fanto^^rlfrffl ^ ^ x^Xom Xil^re Xotinth lias l^ ecm not^d 
t o undorgo © grcniuai m^ aii^iijti<^»t ioorease JLi tii# UvsM Xroa tii© 
top t^amf^rds ca* i roa tl»e laitii outvijraa but i a te r ttioy cac^ Odde to 
elongatci si|^ii£ioni:itiy» iiCH#^cr» ati i n i t i a l lAcreaae iolia^rod tyy a 
srodual ciecreasa Xroa ba»« upwards hao bmsn rQ^ortea by wall4©» 
i1'j»34) and JuadraaivarcK» u ii&MiM KtJTJ) %n bi^^ca species ^yX fUn^ikW 
^i^oc^ttfltflia^ roap@etivcly« ^ti-^iiaa OEI filnrct l@K%tli vax i^ition in 
relat i txi 'U> iioif^t Icjvd in f^ OB^  laaiafeooa iFattemath i'/f^) and 
I4ichg^ t*l ttfaaiap^oa i«\ir^ ;4KyQfiti^  €tt al« 1J74) siiuited no ^systc^aatie 
variatian» aiiliouclJ tiio icmgtii tcsjds to b© ^•©atiar in 'aj® baa©! ptar* 
tloii xhm a t tiio hi^^ier levels Vualliiaa rj»3i*j ^-o^aia 1'i^ i*Ss.| kibat 1J6^>>, 
18/ 
Qt tiie tup tii£iii at the baao ois rciJiwrtod £or otiier liarcJi^ ood »jt>oclea 
(Fogol 194lj Gieatan a ^aydati 1il?6| iihat u Kariskalnon lJ8ta>« 
i.i^ Xibros m&aBOirQ v^ry ohort n@ar Um liiXli in j^ xw^g^ 
mitollfiar^ lftiBl- ^ ^ X^iirt^i Inor&asciS ra. i41y i^u;> e i ^ i t contlact&rt} 
f roa pitii QiDd ti3«n slowly totrarOs Uio caiabiul rXa^. mia oaaTonas to 
JanXo*a Xmm tm' cell lont^tti variatiaii (l^ oiXoy o^ ^hopiiartl 1;^ 1:>)« jt:he 
occuETunoe ol atatXatlcalXy ^iortc^^ ribroe mtoF U^ p i ta tliaa those 
tmur tlio Qiiti^ial ring aiaa a rsipid incxeoae iri^  Uie i'ilux' XotXe^ Ui i^uQ 
tiie pltli outwardij have b<>o«i roi>ux*tc!!d 4;y a pretty iarcc r*uiuix)r ai woi*-
icors iaeu VurdUi a t^mmmtd ii^TJt iitmt 1^60; iihat ^.^ i^^iF'ishtdumi IJaio; 
uhouse u iqbal 1:^0$ uhousc « t 4^^ tJt$^j« as ol»aex c^Ki Xor .f^ ot^ j^QX 
In ttie dlfXereait ago gioup trooi^ of jxafiatoax. tiie icii^tli o£ 
xyl«ia i'ibros iaas boon notod to incx^ease groidually wltli ago* Aiie aiai« 
lor tP&ad of variation jtroo youngor to older oxia iias been reported 
^<^ VfliU l^iflOTiT <4trinu^* aiQ^Iyg|ua BftffAiilinto ^^^ iatfltllitA i1l1iVirliHnn 
by KJaati ^1J60). 
AIIC i;ic:'£ .©« JB leneti^ oC vood fibres haa bcsoii a t t r ibuted to 
the iacroaoe in the leixgth oi V:--: ^-L-l-'r.--; Init.! ,X:3 vdtii the growing 
age of the oaabiuSf a pticsioooaon wi4<3iy <^&rvoii 1^ a mtab^: o£ wor* 
Kors in Various tonperato as wsiXl oa t ropical tiHitM UiaiX^ tJ23t 
Ih&^OiomiQz i* im^mriGz 19^ t xiar^ non 1'J62| Gorlquist 1:/62| .jvort 1^ ib | 
GhouaQ u Xmuia V/I3l i-ljouao & iql^ai 1J77'a| Xiibal 197i»| viiu^^a -< 
iiasisai I^ BOo* IJiJIi «>i<Miqui 1J05). 
1 )i'.l 
Xaid the fountotion oi oorr<elatiaR studiM* 'Ute e«l i io^iih 
voriotiflo and tre^uoMy o£ traflb«ary ttXiieitiitt ««»:*& stuoied in 
r«latiixi to bt t l^ t odt ttm nafipllns flP<>'^ ^ c^ oumlsiir of rl£)g» £ro@ 
p i l ^ i«t«r» ^^tttufittr (1892) «on£irBi«d tti^ f lAdin^ a£ .^anio* 
fh«8«f 6S i w l l as other fiii4li)S»t woro toreod *Jmdj9^B UMB" I ^ 
BailiQr di uiua^gf^ (1913) and vm d«taoiMitrat@d W i^aiJL«Qf ^ i^ 'a^ ilX 
(19^) in aaoaftia JHB8QE2CMft» *^ t^no@ ttte^f a food doal work litis 
appearod on thaso Ttwoa «tii(ii has bocii reviovsd froa tiiae to tioo 
bsr dl££«roiit cuthors (soo %urr & itrvarlnsn 1';>!>4| liiixitoodie 1961| 
ikt £tmm 19651 €boii80 & Iqlbal 1^30), 
Site soraJLcr worlui laafv^  ^tal^ULslioa tliat i&io faetors lilto 
nuobor of riaffi (oiio) or oistaneo Xrcxi pxtti (^ u^aXa 1^ 4^6| i.JUULot 
196c^ Car3Lquiat 1^62} Bemiaa 1967| :^ iostni^ ecl4a ^ Lemanstrnm ^9(^ 
m^im^m 1972| Bass W73$ i^iiat I^Of B^t & Kjg^HalaaB 19301 
19B1a«t»i GhousQ St olm 1S£I3I>)» tiaia^t l«2V«3l of aaj^Hag s^^t (..iifany 
& Gorliidara^aau 1961f XoBiiasan 4ii zimaarBamai 1967f .iastraiNMl^a ^ 
ias»ursiix 1969t l^ajrlor 1S^)» 1^75| Ciliouse 4 Xqliai 1977a| Mlun 1S^ 77f 
Vun&i & Baii«aQ4 1979t 19301 Bliat l^ eOf asat & ^ariOEoliiaa 1^1a»b)» 
m&ssip3JMg 4ise 4ii»et^[* or ciroisafsrafiee &£ taxis {ihsm 19Bai Qiouao v 
ilaiOml 1S40OQ« 1981f Btiat & KanOsaixisa 1981a#t») aiiu <iv^ ring iriiitti 
(groiith rate) ( ; i t«^ at aJU i:^ 6at Bugman 1 ^ ^ | Bliat l^^s Biu&t ^ 
Karfcltairian 19S1i) pla^ im i2i^ pc»*toat roXo Ui tiio variation aa. si;2a> 
•i U iH'l 
tiaotiM* la otb^n" wm^M U%^ aim^ £r@qM«niy ana |ira^K '^&4«^ oi: 
ett^iftl ooai;»Qii4iita ai»d l%a darivatiircifi am oofTalat@<i with %km am* 
h d l ^ t and «ireuaf er«ii»e@ &t the ^icia* 
19801 Vtvdu & BmmmoA t^ f79» 19Q0t B^t 4 Earicitiatioa 1^0, l^ latbf 
Bhet at aU« 1935)* 
l^>0 pTdsaat imrostigatian sibmm tliat to iioali^ in3ialnr4tt1HBt 
tiie length «ad tiBig«itial wiatti ^f JtuaiXc^^ ioiticOa «chiblt a 
nttgatiVQ md mm si^ndlTlfiaAt oorrolation mktii m^ imi^t X@vel 
larti the eaoo abow a pasitiire CiifTeiatiao with tho girtli «x' Urn tree 
axis* the vMth tsad ha%ht oi: e^ asibioX cws alao ahow a aJLaiXar 
traod with the hei^it X&ir i^ oX the sacpUng a^ o^t a»il tha oirouMe« 
refi«a <tf the "Uree exia* ^inUarl^f tiic^  heJk^ ht £«id width ai xi^ idei 
and phXoc® rciya exhihit a negative csid poaitiva ooiT0lati<m t^ioy^i 
aai««i^ai£icaat vith 1^@ height a»d aireuisfiirenao of tho t r ^ axia 
res^peotivoay, lloiif€iver« .^aatrapad^a ^ iuaeaouretac i1J&'^ ) oha^nred a 
poaitivc ami aii^ajtiAtiXit ec^reiatioB Xar iftied ray h a i ^ t with the 
hait^t ef s^ £i^ v»liiig i3i>at in |#trrfffflM^rH *»^^^^p- ^he roifa of jQrla^ 
and phloas aimt a positive ai^ hi ih ir aim^iomt coi*raiati«n with 
their mmm- i n i t i a l i«e» oaiahial rayo ia the proaoiiti/ liwestliia* 
ted fli^oaioa* .^ioiiar oon^olaticiiia o£ aell ais^ oi oai^ihiai oo^po* 
oenta witi* tha hei^it m^ oirauof ^ sroaaa of nm tr@& QIUQ i^ ove he^a 
1 J^ J 
•ug£»fit<^ ill tJEMi past ^ a nueibttr o£ vork^nt uitacnit eny station* 
aiioudo & Isihsa 1/77&I <lMiUS« 4 llaAimi 1;^06t I^BIf Miai tJ77$ 
lEi the 9re«@ntly inv^stigatod ©pcoi@s» tlia pliXoie eoapoKAito 
show difi^roBt na^iro efid dfiigro^ of eorrolatioiis witTi tto hoXi^t 
lonrel or t ^ eiroumferiitoe &i tkm tree axis ami vitu tim diate^m^ 
fs*om «^ fli>t\MB, fh» iengtli s^^ wMtli cuf a4i3V#*ty|»o cMoitiRits exl'4Mt 
a negative @m. ii(m«aiggii£ijec»t corre^tiixi with th^ heitMt X«2V&i as 
wall aa wltii tha OiataiMJo Ik'Ofa eaol)iu% ^ttiilo tl^ o aaiaa ohov a 
jioaltivd GoetiilaUjm witii t&a oiraufii£««rfit^ @» tlio width l>@iag aigiti* 
iiosgat at 9^ i«val« I'oa ai@ve«'tuN> miiaber iiar iiisr put tjg;> a positive 
tmd higiii^ ai^ii^ioiot coK*£'alatioa viti^ tim h d i ^ t i^^ai wuiio %h« 
masm ah&va a n^gativa mm amt/^&i^illiidmt e^^r&Xa%Aoa witii th@ cir* 
fs\M^&rmie& oi thii tXMia mlsm lionnvert tJbui 3aiV€»«t»j^ oit&a p^ar oa 
aiu:«f6 mliaoQt a rcfrersa trend* '^ t i@ sto^tivo @tiu s^on^oi^^aiiie^t 
in ralation to baiijiit i@vel cod i>ooit4v<» aod i»9ii««3i0ii:^ io£2Ot to 
i^rautai^ roKica* tba ianii^ at j^ 'ildaia Jtilaran tii<ma a »©i^tivo Imt 
ai^iifieaiit ac^roiatloa at &'> lenrc-l with axia liel^^t ai^ vtitli aia« 
taBis® X'r^ iKs tlia 043gl»iui% ubiia i t ia poaitiire ii»^ lii#iiy si^iMiiaaat 
in rcslatiatii ta the oiri»«ii^^aaaa of tlio axis* 
flid oe l i aisa« isr&qumt^ mki ptQ^mniga Q£ voaoal m^^^ Itxigth 
aJt wood fibtTca «scfeiibit a CQaTel;>l;iQr4L oi varying doi^ c^^ jQ witii tha 
aas^iixte ^>aii> t^t diatostaa £ro£i pith md airaiasfcrtiic^ oi: U^ ^ aiUa. 
eorr«latiaQ witii tins h@i|^t lm@X* Iknmvm'f UKior the oimU^r 
situaticmt Jastrapiid^a 4 l^ aiaourmax i1^^) aoti ^^tot 4 Kar&l&aiiieii 
i l^ i f t ) rtti^orted a negatiiro l)ut ai^iXlearnt €sorr«latiai« Uie 
Ictigtib of vesdeX oeipQcits hm b@aa £M>tdd to r&ccii<4 a pdaio^re ana 
iiiitOy ai j^ i l ieoAt ourrelatioa in isaiflft ^^"^ ^ ^ distaziieo imiek 
pith* iSiat 4 Kan t^caiiiflii (tli^la) also rdoctraoa ai.nllor reouit iR 
Batijda as»<?ei#a but tlie stykdioa on a^troaiaffM^i ttiliAlUfl W 
^9»t£-i^^&S^ & Laaoia*«ifli U;>69> ahowod a n^^t lv^ can^lation aod 
coi^aretivaS^ laa#^ d^greo ciC aiipM'ioaiiGQ* ^'"urthi^t ^'^ iaKi«itli 
oil vassal sa^aoats osliil»ita a positivis arfei a^L^iMi^imt eofreXatlaa 
witii oirouaCamaQa or aa^i iag 4iae dlaE^tar (iihat a luiriil^loaa 
I'JSIa) tMt riot to a Qi^kUlemX X@iral« 
fha %fidth of vaaaai luowti abowa a aiaoMiaant (loorauaa with 
t to i^ t JUsvei. but a aipiif iaaat Inoroaaa with tho oirc^i^oronea o£ 
tha axia md the oiatanca fro» pith» aa i^ avcmlacl 1^ tha oorraia^ 
tian atuilioa i«i J|» t|ai]|^ f])|^ |)f«jgi- 1S^ mj^mr m voaaeia |Hir \miX 
araa aho«ra a poaitiva myd naa«ai^if iaont oorreiatioa with tha 
h a i ^ t i@vaX hut the aatat incraaaoa a i^ i i iaant ] . / isi tlttiUftlif^ lllMI 
fftiliiilijighft ^^ roportad )3>sf Jaatrapofil^a ^ ioiK»i;r^ <m U'^^)* She £iu^bar 
of veaaela par imit araa daaroaaaa ai^iiliiaeiitly iiio^ativo oox^ ra** 
Xation) nith the airciiiMaraiio^^ oiT tha oala iam^Uxig diaa Oiasaatyr; 
and tha diatctioa £nm pitli» ait^iou^ i^aatra£>iii34a m i^ aetourauK il^ ^Ct^ ) 
notod a ai^UUTiaaiit iaareaaa i^^altiira o<xprmlati<m) in auMslbm' ^ 
ve^g^X |»@r unit &cm& nitii th& oiatsnaa i'roBt j^thm 
\n 
tt^owi a si0kiJtie«iiit O^JJL tilth tim distoRO© iro^ pith i>£ia mm:» 
«i|§niirie^t ^aXl witb th@ eiroustfariiiGG of tb» oxia as r^veaiiivi 
olrtiiiiMd ^ iib&t h MjOHkBixmik Cl9&1l>) witii ros|»ti«t to tiM) 0uiikl>^ ' 
of rings £ron pitli agul aiffi^ aJUte «UUo dloaetesr la ift%ii|to ttfUliiifal' 
tfltb tU« S^«iilit l@vol iXL O^i^ &ax end t£^ u3 eoaJtirx^ -^M^ thisMa^ oi 
1!lMi length of xyltm HJtftm shows a positive and hlghJi^ 
si^ifiegy»t odrreietisn i#itli oirougif^reitoe o^ th© a»L&^  and OJUtaaoo 
froa i>ltl^ i« aialXarJ^t iJ^t a H i^rit&ialiian (1931a) aXao ra^iortad a 
sigrii^ioaRt likoreaso i» tiM JLaogth of xi^ Xee f llaro^ with t ^ sa£^« 
i&g iliflKi <lic^»tor eaeid diataoao froa pitiw Xi>^ i# itmi^ -tli Q£ ^h&a 
fibros roGOi'^ a signifieai^t aoor^a£i# ia^sQ'^ Vij O4%«.i'oiatioia> ^lih 
the Itei^t lovei as Has h^mi r^pmrt^ tjy s^iUat 4 t^ ar^kaiAoa ;1^1a} 
Imt witii a l3ti^ tk«£' dagre^ of oot^raiatififi* i^ hat ilJSO) tias al»ie to 
•staJbiiab a nagativa oosTciatioii l»et^ @€a f !!«*« latiiit^) £«id r i i^ 
ifidtto« 
Tim Isngtli of dorivatives of fyaifoi^ Init ia is i«o« imaaoif 
3liira«<ti;d»at x^^3^e& md piUo^ f Ibras i s positively i?Qla%oil to tlie 
Xongtli of aott&c initifO^ at Vidryiog tioii^t iavul aoa eiramfaratiod 
of %be axis* il)a (»rr&iat.ion ia hXi^H^ ai^^niXicant in oaso of tim 
eirouiStl'^ *@tt03 t^ iiff) in tl'K» height iaiml In th& lircoaiit atu4y* 
I 'J J 
the actlvitjT «€ itmmJLo^ oa^ l^uei ia not imXiora^ lutt ahimm 
£r@8tt variaticxi dQ^ K^sadiiig on tbo genetJUi oonstitutioei of plants 
and d&fjrareno® in t ^ Intomol @nd mstmxmX mvrirmmiau ^ ^oat 
of me wood^ S|>@eie«t o^tJri radial em ai>ieaJ. grotrtbis aro poriodi* 
oal ratli^r ta^ an oontinitoud htaria^ a f ow @»oaptiixi iei troplecO. 
ti'#ea (iOyiis 1'^^ Fa^ 1J?4}« 'X^ owitiiiuoyo p'mitl^ In trapieal. 
plmn^ in attrlbi^tGd ta tho immanMs eJUoatie ouoditi££ia wmoii 
prenraH acre gr loss l^iroiAi^out ti^ ye^ around oquatorial ssene* 
tim p&^lQdi&it^ In to^iMsrate region ia csJ.#3oly ecirr@lat«xi wit^i t^ he 
S9£^QBal oli€»£,eo« tlio^gb not s& Jki trf^ Dicm iHiJJli^ sKm @t oJU iJ7^)* 
Oroirtu ocoure Ir^  ^^l»g a^ smm^at ma, la foUowed ^ ©, p l^<3ci oi 
dofgHWUSf or rest i^ilsii oxtiindd to tbe £ulxm/ixm ^pt^ln^ *l^ e{3P» 
l»ial a^ <3trtl) 1» troi>iea« i s suxro p$^lcn(-od tLietti ia tos^^orato caxii-
timm i^»rd ti)o i^'ont^ p^ioa in relativoly #tori ©ud harclly 
mxitmodii & ie^ mcntlia* Tim rm^XsLL iprtatrtii Is tjropieal apecl^Q oooura 
eltbfiT round tbo yeeo* 00 roi^ortdd 1)$^  iolsi i1974) Is^  ^ ^ ^ 
SnglgaiiY^tot ^ lllirttAflt «>^ foff^jy^ r^tpi^ c»ul^ % or fyr & ^ojor port 
o£ a j^er ii» in eortaln lii^laa tropiool troos rQi><»"'^ d l»y 
Oiowdriury i1340» 1J69) sa:^  in oUnora f^ roiring olaei^iore if aim ^ 
3@Rui[t 19631 iawtorit 1^2f Hi^, %J72$ ^imus, lJ76i l.aoliiil» t:^?t 
Kbam t;»7/i Iq^Nilt t^ T^ i^ f ly^aat ISSOi €hfi%i&o I4 liastelt 197^» iJ^t 
Vd'i 
PaXimJL 0% &l* i197S) hisem shaum tue ^^mtUi i^i^im in ii,fy^ |*trfiif 
ttlaaoo ^id f'tfefflillilillite ji^fitffiij^ rds^t '^tiV'oly t<» bii as m^iart m 
in aeod t«!£:^ @rat(} «p@eioo« /^ A rogartl^  tl» ca^iai activity a£ 
l it^ature {tot m^^im ^tuaha2.t#r ot mi* 1^3t ^^ -asoi iJii^^ 
KosloMSldL 1971 tmd m^XXipom &t aJi* ll^l) tuit i t oppeora t i^ 
SHiasre witli regordi to tropioal treos (OioiftiiMtry 1^ ii3S» 136^ ^ai» & 
^amat 1963| i'aUima, & araoad 1 ^ ^ iawtcii 1:i?2t tva^  rjTd$ O^ ou i.^  
Cliisng 1^3} ki 4 CMang 1J7&I OUcsog 1i76| f #m 1;^4| i'tUiAria 
ot &U l^l^t 1;^ 76t <lboiiae 4 Utrnkmi 1979lit l^ ioat liSii jave a fiao 
i^ 2}>tci iqbia & mmim tjsa). 
la tDe prossnt atuOjrt the oarabiaa. ^-ovyi has he^sn otomxirod 
to bo sim i^oaiet ratl^er tliezi oontlauouot od roportod eoriier in isany 
otli£^ liiaie» apooios* 'llio radial* growth la J U t e if^ flf^ lTAfiliii 
ooo^ jrs only for oiKKit 6 ewKitiuit '^^^'^ oet^ianin^ Um rt^ port &£ amdi» 
mmmX oooygT@ne« o£ ra/dioi groterth in tropical treoo ij^ OEaJUiiiiai^  » 
la t ^ postf many orit<ar>ia bmo h&&a £ollmg&d to detor^ino 
ttm initiation mid tlio l^urcttion oi o@£i)i«4 aet iv i^ l£i tropioai oo 
%roIi OB in tbo tei:^ >orato c^ iKiOiaA* i;^ or the fir^^t tieio i^iootly 
et oi* (193» &dvo rorportod a gl>cfiowon<» in l i U ^ bark oaparatoa 
it&oiC Irmi wi»od l^uring th^ aotivo poriod mvl oaiiod i t as 
"alij^pass ot tb& berk"* !£h& aii^ aajr ooour tlircm^) oot^iian boforo 
diXffO'ontiation hot^m (»irio8ti@F &t ai« 193i)f aa iatisr stages i t 
^ . . • • 
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unually tolt&s plsicm thro^^i Vm OXH^mtiatim x^hm 4n Urn s'OiJ.m 
vhatQ tim ^t^XlQ bmo t^^&t^^ ^tiit are s t i l l ni'tiiOut ij&ea^u'y tmila 
(Bailey 194^1 i^t^ert t96(5, 1^1} . y^iisa's £^Sg>ioy«3d (iia"c**o:it; 6*-it«»'ia 
t o ^iteybHah %km roaotiiinxtleiti i»f eos^lugit Q^ tcS'> wijr^ te^ ^ dm^^mw^* 
LiO&^ i»£ tile < i^atrilMji%i«iui to^orO^ t^ila cs^®«t £tro u^:yQ o£ >j%i^ 
(1933)1 aio«f«lli&;^  (1'^9)f i^reatiSR a ^lyntrqp i1;^fij | .sioag@ a ^'o^'dr^ 
(1^^:^)l yoreiag (I9^1l0| JN^ vi^ ie^ Qie^  i19^2)f i%>e3ta» ^^  ^ •^l:?l@f i i . ^ ; i 
ii?ardro£> ( 1 i ^ ) f ^amiali i $ ^ 4 ) | k'arel»g «u H^^i^'ta ilw*^}} wHe^^ 
( 1 ^ ^ ) | invert' i1:;l63b}| yais«l 4 F c ^ (196^aftl»)t .orivaetcKVa -^  u*i>i*iai 
(1960)1 liohoood il^Kiaf 1971)g E^btardd u lUUiiii^ v1it»^>t * ^ ii^iOH 
walsol «t al* (13^)1 I to^ i 1 ^ 1 ) | ilu9«atfil« t1y71)| iiopneti \%J'13)$ 
TimlX {iJn§ 1979)1 rafan itJ7^H S s^ada ( t97^) | iar««>qui « .idlkiat'Os 
U979)| Cibs»ufi@ 4 l laab^ (I97^^i| OatiiJSdan i\jiMki^b}$ U&^Q <U at^ 
(1932b»a)} B@o & Ijienre (lye^b). ^^Q1IW«I1 i^* arasaa i1^7U) ar«u #tiUma 
«t al« (1971 )^ %ibile ti»ii^ 4»@ €» DallBiEyyi ^jyi^ilS ^t^ llfifiyfti^ Hiyifl 
lo^ean o£ iBKUf^srontiated ooiJLii i!i roo&gai«lng ta-ic- oo^^lol rout^ti** 
vation tmd a o t i v i ^ * But ttia riidlold&ic<yi toociolviMo ol* MSaJLsoi 3i%a 
Fafan ( l ^ f ^ ) iienra pi^ af^ ad ItsolC to he ono 04: the d&i.K»klal>ia caotk^ i^ki 
t o studt}^ the voAOulor oota^iuei partiGilarly t e aj30@rtaia tkm {luros* 
tl«ii aC ^ t l v l t ^ * jy» ttm summit ^ ty^» ootal^ial s^^c^tlvatiai bsm 
l»««a ra«ct0ilasd ligr ti»Q Qomi% oi -periollaal cUviai.tiao isx'Qtioa^ \^ 
rad ia l ^si^a^aljoa Q£ <£i£il>ial i a i t i a l s * iils'wocijt&';:iJUiai &'i£XH^i^ 4£i 
eii@l»ial o@ll4 oooir ear l ie r to per^^aUnal ciivi^itxi* .Aiuikm^Xi^^ 
l y y 
tiu. fippr^^afili o£ e^^MieX aormaae^ has bean rooo^UL^od l)y tbe eesan* 
tifia of eull dlvi^icn "^iWx noraaLly prc^ codoft e«art©ij[i iilsta^Oa i^ii&ai 
linr@0ti|^tlcn wea ^Mssim& ^f a &li&it Jjtoroasd i» tb@ also oi' i a i t i a U 
soao @arli.@r ym^kmrA (aiowdibiary 1 9 ^ Yunus 1^6| ^iim \JTi% ybcni&e <^  
llai^vsi %n^9 19331 Xqjtyai 1979| i^ 22a» I^ S^Oi Ji^Miqi \M3H i& tDci 
;>re»ont stud^^ sveXXlng oooutrs about ttio ifoaks b&iore ttkc ooiia &%eseX 
dividing ta pro(jbiG0 am? «l©rivativo8« 'ilio otmiiing oeours ia the iast 
week at' /^jril or tlie f i r s t ii&€l£ oX i4ay i!»d tho oeiio start dividing 
by liiid 1^* !Diyiif esB^iai c^ rotitii i s rodueuKi la I'-lc^ f 2;^ >i> 4ays aCtor 
i»id oaargfifioo and nitir 143^ ^ proayctiaci» yiikma moatiOy tot^ixir&tyrc 
riger^ <»! ^roo 1^w33^ C« tho |!is@aoiiocu»i eL^ >#dr3 to dc^ood on lii^i ttqpe* 
raturo aaa Xcwr tejM4i1^» .i»iiallariy sosse ottor t^orlKars Cy:M»Mo a 
iiastei 19iabt 1^?^> t9Q2, 1933t t^%an 1J30) dUo cMnsorved t l^t tiio 
roquiro^iont tm" c^ti^iai roaetivation itf*o ^pooitle rati:u»i' tliisa g@»ijraL 
flfvaQ iii oldaeiy roiatod si^ooiaa Qslapto<^  to too &zt:m ^^sHi^^^ioai 
rsgiofi* 
TbQ hioto<^Kiiaicai dian^^us tliat prtecdd oei i Oivisiou ia tlie 
csa^iud ineludo roduetion in tiao raOiaX \mXX tMislixHainis ima l^ eailed 
protopXaam* ¥Jape or idsa siitiiXar o^ 'i£a:iisea ver© < s^@nrod iiii ijifi^ jyryii 
i^«^oacQGia (B^rr 4 i:Wert t^7}f Jfii^I Hftfi\lliit iX '^ie^ er & y^«art 1 i^^ >» 
J - : 
Ifnililhfyfiiifl SJS89SL (^ uoys 1976)t tdtfclte ff"^1«y^ (lUiesi 1i?7)t 
ImeMMA i^ )ous« 4 iios^ai ii79b)» 9fiUiitiilHfi«n &m:luu 
i^ ma^ larat^ p Sf|g|jttotf> sf^ l^*^^^ IffJlWiinilll Ui^ oEi 1^0)» iitoMlllttt 
^»^ IS^tal ifllif#nriifflBt ^ ^ otKicrved tte oai£)lal^ activity to start 
£nm &aF%y Ju»e •• matlf ilul^ afiid oartcxid u^to mid uotolxar • oM 
n^mmiifst^ m tli0 prisft^at etiidiy tb^ m^ioX matlvltjf ot tim smm 
speciies iva b&on i&atio@ci to start ki iiay and ^ontimm m?tc» liov^^Mrt 
QXt<skiing for & period of 6 isantlm* Cliowdteiry U^^ CJCI) ra.jart«^ tiio 
duration to be of 4*^ laoii'lM* Hi© samiCGd dX££<ir&mQ k% the i^ iiaioga 
of iaitijxtio» of tbo oai^iai (pro^th &ad i ta 4urfttiatt in t ^ ab«>v& 
t«o 8tudio£3 on ti3«i 9@&e 0p«^ei«8 is probatxljf duo to tho dli'&oroitoo 
in tlio goo^r i^ptilcaX &st ^ m^d pr^vaiiitig oonditiosis at tkm sitos 
of stud^« lhmm<^f soc ia l a^tivil^ l^ ui b€»o» notod to ioit iato in 
Junt in a XBJS^C^ O£ trc^ioal Xoro^ aa In r^ ffti^ ft ijll^ niflllittii iXqbai 
^'^^)l ^ i^qiflni* yo^n^* lltofiUJtB ^0MJk U^aaixai t9?7i| @oc^  n<^tti 
Ifidion trocs iChoifdl%a?^  1^ 160) tmd m^ljwA&i ilfffllHfik^ iiUian 1J8Q) or i t 
^Q^ ^  doi@yod m^ «^^^ as in Ji^gUilflafil ^jjilytoli i^^m. liOa) s^ id 
I^ Mttflftiiito itfiffMtfl iCl30iidi'iury 1968) or upto iM^imt as it) iiiliMBai(iiYtltlia 
aiffl^Aflte y*^^^ 19S0) or i t aiAy bo d« lato as ^^t^s^Nkr In lioi^ o 
oactraoo oaaoa a^a in ^^ l^ya^ a^tyfi fiajftMii^taWitot i'fUlfliftei BIji^ ltfiyrB i^ 'oon 
1'974) mid iiftioai^ypt^ /KteflfK I^I U"^^^ <^ t ai« I'^O)* wosoatioti of 1^ :10 
GsyEabdaX activity In BotaliQX aaiabaricaja appro«i^ oiwm ar«;aind aid 
t loo Q£ «isu3l>iaX aetivlt,/ eonrona to tlM»ae al avai^ dliMry ilJUi^t i^ a^lu 
o t ai« it963)t ¥unus <1J76) cana Uiousa ti» iiaatol i1j03) on dXiXorout 
ij3 tii0 proaofit stu4^« -^ '10 rsa?i4 Sail oS daXXy B%noBphm'U> 
t«apK3rat)u '^'& appears to lurini:; dCMD dona^c^ oi eao^iuis in i-iOve^ .il»er» 
but oaitrary to ttila Faim U-J74) rcij,:'orted tiiat tJk,- f a i l ^r tojupora* 
tu£*@ aoos not ii£|»@do tkiG i^tivltjr o£ e^ il>it;Ka l:mt a.-'po<:a'c> to ii:|,3ravo 
i t and m^ko i t to ooatinue t^oui^out «riatar« iohn Cl>S»^ i 1^4) lias 
oi^^tiasisod tiiat tli& in i t i a t ion aa vmlX as t l ^ au4:-atia:i ox <xciyial 
act ivi ty ia rolat^ad MO tho (..sictic iijaiie t^ o^ tiic .^coiao raUior 
tiitsn the c^viroisaeotal sot up oi: the a i to , 
duration 04 ooi^bial ta^tivity do not a^^oc* witln tiioad deacrii^itig a 
IHCoXon^ t^d i^tiv@ porio^a in aooa tro^^i&,.ii apeaiea ss noted uy ©arlioi^ 
%ioi'k{»r3 UMQ i^i^& ot oi* U ^ ^ ) t caiO'V^ury 4i,1i4yp1';^ yatt^ 6:i^ j» ^ann 
e t a l . i1i6B) ana Faian ( ' I J74> . 
i t i s flfvidont froja tno proaont sttidy tltet tiu> o^^sbiai 
aet ivi ty ia not only inf Xuaio^ by Uio provaiiisi^ Mc^ t^^ ios' dJcuiitioi'm 
ot Uio picnt habitat Ijut olao i^ y GODQ ^lyaioloc^icai i^aotors auch QB 
bad ooorgonco on.i lociC ia i t iot ion* /IG to tha onvironiiskiatal ^aotora 
€uai:itroilinii the Oc^ ia l activity* tlio o^tect oi ttM (^32*at.u£'c^  &;m be 
tai*an to be t..o ooat important to aasao j^ecioa sucii as .ii^inia 
WA 
evm&i \dlQ% tmmsi 1^76), #f<?jyfa;^ Mfl muM^lkx i ial iwal e t a i . 
&Talia)»XQ va t i ^ in tho doiX iKioooefl ii^xart^at* ^ certain ; >loiii4if 
e«g« Aoaeift g*»fl/il«n«. A^ t m r t i l i a ana 'i^Maaylie oTt iCUlata IftliC^i [J-mi 
in ti)& clesorta a£ Xara^t ^^ '^^ ^ 0QOl»iuo id aetive 'Uiraui^mit tae yoor 
l»00dU3@ tlieir rootd reach tii^ levoXs U*QX cotitaia a oortain apo i^eit 
of aoiature ov^^ a t t^ i@ end o^ dry suoeior U'aim l^jaatb)* .^  @ii:iiiar 
dityatioa \-m& l»@<m foynd 1... ^>c^cia SSSSSBL £>r«»riQg ii'i ci'OJlc ii^i^oro 
« t aX« 1i72)« iJOEaotltaoa tijo cacibiai act ivi ty oorj^oapoads witii tiK? 
r a i n f a l l aa in t ^ caa© of mmS^ mmiU^U(\ iAlJaro ot al* 1^2/ 
a»<i afMaftyUiia iluisaa i^  i^ iAdi ot ai« i970)« 
QKIU <^  Oiian^ ii'i T^) l^ v-:.- ^K^«E} tha t in kmiiHi^ f^ j^f^ lffYfl" tUc 
active period proiooGO*^ '^x*<3a *@bruary t i l l i*oveiiljor. Wbe act ivi ty 
s^oir^ Q ^^oaitive ^>rrdlati<3o Mi tin ti^^Msra'^uro but i t slO'^ eKi uixm 
aa ti'i4E} avarag© ta^^aratus:'!^ axcoo^ad ^"^C in July, ij^tc^eatii^ly^ 
i^ Uian v1^77) found tha caesium in i^ai^^i^ f^ fflbliifftli to iMhi&vao aiiti«> 
vation twice Q year o^tor tevinti caqperiaacad dc-finito pox'ioOa of 
roat« Acourtline to Cbmt & Qiiaiag ilJ75) t l ^ oasibial oetivity Itos 
initiate<i b^for-a tho bud bur at* but Kiiaa iiJ?7) obaervosl t*iat t*ie 
extooaioi ^^o^th always x^ocadod the ra4ia l growtli 1 . tlila apaciaa* 
Iqbal i197i} Itaa olao notad a i a i l a r aituation in A^r^ei^ Rjy^ ftttiten 
£>^ jycttoaiii |i«yyi4pBBB* ^ ^^^ i^roitaat 5tucly» tlic rmiial 4;rQ^tli 
' . ' i 
^yj 
haa be^ -da found to ioiloif tkiQ G^t&OBifm gro^mi aaa a c^ ot^ o roiatioi* 
ani^ iMittfooa the new i«ar Torsnitian and tkm <if»^ @t oi oa^ioX acti«-
groirth to e(X»«ao« later ij:^  rel.it iori to liud tarQciis; K:J.yfin lA'^ i^ 
liQliKtorft^uoumntQk 1i6i»| '/umia 1976) • tim role of auKit\ bsm bosn 
S'i^oatttil for tbd Initiation and <^xitlmaatlcm of oa^ibial ootivity 
iMsTttliii^  19^1afbi 19969 195^1 Wareing ik Blaok 1:^ :^ 61 waro4ng ^ 
tiobirts 19^1 iiiefegr 4 v«arai»g 1i€)6atb)« 
XlmSf tl'te proaeiit ol»a€rvatlc£:i3 &xi£&rm to Um&e o£ k-imtor 
i1927«a»)» QUoMdhury Cl^j»9»19^7>19^), Cbcwahury a t&o&mi iV^Q)^ 
Pal ing & PrmoA ii^m}t ifunua i11^6)» a i ^ (1J77) and ytrntsa ^ 
llasinal iW7^9 1J02« 190?) i^ to have 2l%amk a Olr^ot b«aria£ ol nm 
bud burst £3^ new ls&£ foroailori on the Initiation ol ccM b^lal 
aetlvlty* 
/ ( S \i ? 
a&eessarlly sfiMxtrniiwad but usuaXiy «itt dfiiainatQa ^t« otbor. 
i%Xo»iK Xoroation hafi hmm iouoA to begin bsforoy a£%fjr or t<^ift^r 
v i ^ tfoo xyXm» f onaatien* aria to ooeao X&tm- cr Qiimilts»<»oualjf 
iitiUiiisaKi 0t aU 1971)« ilie f i r s t eacibiaX diviaicit oay o«eur 
tfipiigras jgrleei {i^mmm IS^^f CirlUo« a jcaith 19^9) or |)itiloc@ 
on r«lative ednoQatratiaa oi dicies^jnt horEK«i@ii iuisW ^ <^ arQin£ 
0lt^ aed toe pattuni of mciiaX ^iH»fth i ^ e r t IStM t^ I^^E* l:;^3l»| 
i)Vfi» & arsrt 1^ 6^61 £)orr di Birort 1^7| l^ g^ ris liM^f imt^is & iJ^rx 
196@3 SuBkier 1963| TuxUs^ 4 i:»€rt l i^J)* 
%hi6 dULf torsntiatXciei a£ 3 i^«£2 and phJLoscn startd aiaultoite* 
<*uttXy in i^ 9ft^ :^y flMiiklfrifilfflili' ^^^^ A eondltlon is em-xaim in rixi& 
porous s£»< l^«8 but rai!» in d i f f u ^ poroys apeoies* itius* l i l l a 
MWfililltlli ft ta i^p«rat€» fcana iiitSi diffyae porous w^4^ re@«e^ »iaa 
Boiidtoat fflajy^figplifflii ia tMa raspcNCEt* <;ioa8 aftor oai^ isuL diviaiaoa* 
tbe iimor dorivatlvos stftrt <l4ffercntiatixig iato a^Iaat Qad tim 
<m%&t into ptilotto ei«fBi@ai;8» 'io start with* porffMSilWs^  oeii^ 
diXf^^Mitiate an either sMmm It^ i^s i^ Xoilmf^ fsy ^^ml eiMmit 
and di«v« dlttiGnt fonaatJ^ti on iimor mid oitt<^ dlOes rospeotivoiy* 
the differontlAtlon pn^reasiMi t^roy^ o«ll m^eaaXmif w&U. 
iiisnpe^ 'tui^ e GKS^I^S and ir^ eeiMhl S4^ iamt@ aod alntousa M f J t^ir^* '2tm 
va^ 00II9 <»Cp@iid onJIir 9XX^tkf ana do not i^sow m>9 rmtsspfWil&i^ olMioge 
during diffsrmitJLatiiu as iN^portsd liar ^osXnweisi Ui^71)* ^i^ J ; ^ ! ^ 
lyad phXotra 4ifffiTtsatiatiaci atiirts in ^tt$ ami& exxxUxmm »ix«il^3a«0ua« 
ly t i l l uoto&«r» tl2@ S&tssm' &x%m^ tiXk mid Hovntalb^ MikiX& i^» 
Hattor oeaa«0 ^ Uetolisr* Jl^ aultafUKxai isroduetlon &i A^^oodary x^l^^ 
and i^Ioeia iiad boon reported in ^^Jffliilii Hfilfl ^ Ui@%iso ^ i^tmtM^A 
(tlB2)» In ^^fmmi^m SSamk W ^^^omm & U&aiml (t9S(^» 1;l@3)* in 
l^ Bevi« "^  i^iiTt (Is^ TO) ana la £ialllat«a|fa|^ c^ f^cr^ m .^ iWiHMhliiyfrlilii 
UciKitrai*^  to the ixr^seDt i'l^dini^t th^re ar@ r0>.i«iQrt» of 
e«rXi«r ia i t iat laa of xyian th^si piilowk i'ar3>c%tie» in trople&X tr&««t 
^s« ia i ^ i d i ^ fMfjIiinni C^ ^^ a^i i : ^ ) t fHaMimCT fiysi^ c^ ^^ i^ tise <^  
iiBatmi fM^)t MMliA SMJ^ {Q^mmti ^ liaalmi 1932)1 pf|l,lia^aB»ifi 
ffllTitoMtt SiiMXSlSdM. MUf^ lltilfl '•w^ niMBflAft flitfW?iilifiPa i^^^sn 19S0/ 
as «oIl «i la eortaJn ^oithtouis oiid «!V«ii^ ;rtttfa tsapm^te iorms iaee 
Art8«lanii«r l ^ j ^ k^re^m 1932} B(a»iii» 19!i^)* I^ M#orv&r» p^aoea iorcia* 
tioei lias ]»e^ iMted to prteodA jqrloa Xansmtlaa in MfV^ B^M^f^ 
« ^ W^MM^atM fflTlttt4rfMm (XqliaX 19?9)t ^fity wif^ gidft ifiMls«r ^ i^ert 
1'^^)t ittaC itlfltgfWA'tei U i^l^ er 1939)> j^^f aMMto l^alifllllffi 
(coekortooa 1930), ji^ jfeiiii^ to Atessi (^ ^nus tJ7bh Jdm$m usimmmM 
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PgAlfflikWifl ^^^^^«^^^ CQliou^ e & iiasiiai 194^)» I'oainMai tTfimMMfli-
(Uevls i* JTCiTt 196e)t i^ nrmi fMlfHiliiyBI C^ -V^ cart l^ l&O)^  J^ iEQA m i^lffiff 
ii^sron 19&3b) Slid jy£|ft yjnifara (^ .«ift& t t ^ ) « 
laiBiidity* tkm xyXma 4MX&^m%latlmi gets ^Mtreii i# o f t ^ t ^ 
strikd Q£ t^acmooi^ imSdmHism tl%t l i i#i 2iu^Ml% ocu^ l^od with aod»» 
ratelgr bish t®0|>6ratiM^ Is idoeX for tbo proems* Eoiativoiy lotr 
hutaidity and Xmi toe^Niratyro aeoaUrato Uid pra«dAo of ^tloom 
dMittrontiatioi ^birine jfag/ta^bop eDni ycrto^of t ^ ^^ <)^ ^ t^^i^ i^^ Q^  ^ ' 
thiD Qurr@»t«9r@ai>i^ iloc^ Is prod^^ed during tlnis pcs^ ioo* iJ^foraiio 
tXatixn of pr<8eir»«Hr itUooss takm piaoe In ^^ Qloruar^  ifiKia t ^ atiaos* 
piitrie tei^ieriituro as w i i l us in^sldi^ is esmaidara^O^ loir« :. 
s i m i l e trond- lias "itomi r@i,>artcid In lyj^ ^aoif 1^ 1^ ,^%^  1 lilfHifit Hjliffliliili 
and ^^Bl^ altkfLa jyffli^^Mito C^^ u^s^  ^ llasl»i 19?S9I>» 1930^* t9S2» 
^hs vidtb of ^ ^ oo^aiai ac»o stay incr^asi^f r^ ^aain ocxistasit or 
dooiins &oc&tding to tli© rate of o@ll. iroLiyetioi* thm oeii diviaicu 
is faster Vmn tiie tismie differcfitiatiaii la ocirXisr sta^o* i.at^r» 
t ^ mmblaX aono li$oofsx» o^ asistcjiit or norrows <lQ«m nikea tlis tiasus 
differaatiation surpajasos the ooil clivlaLon iaiiJU|}s<» at ai« I W I i * 
A siaiiar aituatiiKi oi: a^srrawiiig of eoofoial s^ itie cjoooc^ t^Uod li^ r 
rapid ooavGtQlaa of d^lvativaa Into sao^cidary tMi^ uoo lias boai 
obsonrad In MSiim mk\MMm ^^ JBrlag August to wc^bor. 
<v '} 'k 
tiatOT Unix ^©£0r^ tb0 Gi^' ial r@a«tivatleii In Igsi i f i fiJlilialBir^tRil 
oixfe of ti}@ 9ves*«gliit«re4 uBdUt«r«i%tiat9tl e^^ ia l clcrlvativit^t pro* 
i|tie«d at tli« «gid M ttm ^mfimm grcnrl^ s^ison* mis in <mll®4 
la oert^lD li^iliaii ^h^ieai troe@ Ijgr yi)dua« Si llaal»i Cl9f 9at 19l}^b) 
^^tyaailft and ^ ii||||& 1^ i^f^t i19G0« 196jl»}^ f^lflito IWitiMftfilMte 
hf 'avnt it Jtr^rt (19S7) ^^4 In p|E^ i^liy.. Iffiipalitliliilf l3|r *jmia 4 ^^^rt 
lor thd 0eei£rT<no^ 6^ partiaUy dil t t inxit iatM mNeewiatm^iM^ lihlee^ 
eXt©«its i t i l ^ iiaeiris beKm r@partod In a miil}or &£ to^^mte tr^n^ 
(^traftlK^gar B 9 1 | Br@iai If lSf AI^M ind Orenflai 1939| i^iocec et ai« 
193&I OriUos 01 m^m 19^9t ->riira8tanra ^ 0*l^iii i 1-,|6C^  'iuoii^ 4 
m^^ 19^)» Slid |]r®@<8it iladlnpit tfai@rci£<H:«» ooinoiad witb t^8# 
of a>^«rliap in3^h i-^Uiott (10^£ )^» riul»«r i%$m) md iOHm-l a 
Eir^rt C196S) aa tli«i^ aurtl^ drs also 414 not t ' l j^ tli@ pirtitai ir dUi9» 
r«ntiat©d jpiiiocni @otl«r i^l is tbat i«oul4 fo£ii( tlia prec i^r&or piOoe^ 
in tbe foll^i^i»s iipri»i« Mo preeuf^isr 9^0€i@ Mas bo€^ ^^i^^rrixl M 
l^iditip fgiufclffljyn CHaaB %W7)§ fiiBjlte ntUftilffl ^ ^ ^apaac i^a g^tMllitM'B 
(Xq%tti 1979). 
Hio ^usfxtitativ® mmkyala of tii@ total i^oy»t of 3^i«i^ OIKI 
I^iioo^ proi^ iMStioQ pmmXa t^mt ^ # iiiv@9tiaat<^ spoolod pra< i^eott 
sKir« jKarl«@ «pd lens plilo@m us In sonr^ irol othi»« t3*<>pl0al treses ©Agti 
fffiiMtolMflll iJitrlUMIr j-j^ Mtfl^ YglftH JlMliitotin on^ '>^ -*»»^ «t ikt$StiMiA 
(Khtfi 1980)t IHUIfflrfliJlfl llAiaSl UuRUA 1976)» ifflihlillte I M I A C*^ 
i t i l l l l l i r i l (l<<^ i>a2.t 1979)* liowovor* w^Vmt in the pros«it:iy 
ieer^t i^tdd i^woios nor la tiiose woarkod out norliitr 1» tiiis 
li^ boratckrsr tiM sqrXfli^iiiilOMi ratio ooews ta bo as hi^ii as t4t1 
«r 15i1 as reported for oertain ocsil£«« X$k» MM, «y"w>^'y 
(ifiJLsgEi 1<i»69) and | 2 | | ^ *»^^f«^**'^|ffi (l^imaa 19^^)* lii ia ratio 
liovars around 4»G7 in tho praaant atudy* Alaoat m oquai amount 
o£ j^l iQ tiff&d ^ kio«i art pradue@4 lay Hfcimiig i^aBSk during a 
oal«nd«r yaar aa r^p^^tad lay Ohouaa ^ ^lai^;^ (1983)* iio$#€fv@r» 
Khan (1977) liaa raport@d in fttidiaa mm^xmLm tliat 1 ^ acsouat oT 
piaXoaEs produead ia at iaftat tviaa tlia sgnoyat oif :Kyi«is* 
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active tliroygliaut t^ yenr In nii^ sac^  4ioo^3^4ana {L^-W^ i'j^i 
lloXdhoide l i^ l i i:^ rat*t 19Ci2) l*i^ 1^67)* ^'^ p ^ i o ^ hj^mmi^ oon-
Xtmctioiml l£i tli@ amm msmmi in %^ il.cfo i t ia p*^ )«iUi6@$l as r^ijorto^l 
^ sofMi ^rliiSfir ii(»rkcirs i^ aetu 1959i 19^f 19S0« 1 ^ ^ ^ i^ ijilHss"' 1;^ i^| 
^r%Miam§0t iWO$ ^9mtt 196at t 9 i ^ Ismim a jyart 1^ t^>6» 1 ^ » f^%4 
•imer 4 awsrt 12tt7| f ^ n 1967| Alfi««'i ^ i5r©rt %MMi iiick^r' ijC^i 
•iiidSfts^  S^  m&p% 1969| iawl^ m ti^Tai tOiao 197?| iifesye© a Basl*m4 t «)?:#©» 
pliX«N»i pro^ueed In the ou r r^ t i^ *c%rth mmimi yra^imsJi^ traoisi'^ ^c^as 
lata neefunetiiitml isilt^ da© to ^t^i l^^a oil* gst&txfp'la$t% oi* oo^^^apiai 
e«ll« or th& ^pmktimi on: odli03@ <MI si@v© iiJ^ias ai-i^ ^ ^iuve iir©aa 
piacK^i <iMf «riinti@tiai s tar ts M llgor in tlui inv&atl^iat^d. ^< i^«i@* 
But neH IdeCore thu eawicifio i^Mait of c«:i3»4&L aietivi^y a tiiia i ^ ^ r 
of p(^«ur^«9r t^iXdiia asasuring abc»yt TOyuai* dMf@re»tiat## i£i 
ittkmmxy oi&t o^ tho ov#rtriiit^dd |^ilci«^ sotlicr eciila* '£iiJ^ ^ ^ireeur* 
nmii\metlGikak t^ hsu ccxiaJklsr^ bXo iiiaouat <ii <mrr^t /ear iJtUo®^ is 
i»r@diiOdd Ifi «lime as a result oi' ciiiii»iiil ironrtiw '^ M> nrntA-iMmthMial 
preeuraor liiii^i^ g '^to osni&lma ^ mgxmtt 'Mm oyrr^mt y@ar p^iinon 
produidecl in i-i@^ Wi<a»e re^iiii;^ Jtisi^tiofml i'or al»mt t^ i «^^(S« .>iM« 
ieorijft the ©ao»unt of iitiiooti pi'ocliM:^ ^ duriiig «liy^» 4ui:,ust smi 
C'.) » 
^eptawbrn" ivmatimia tor ^mtat ^l^% ^tm^ mf^ imd betsda^o nmi» 
X^m&tiQimL oa^ tdtm" Uia oUior ..ue to tbG Xon^m oi iir^toplast oi 
Qoe^eniim, 6@lls {isaociate^ with tho sienro tube aoiDliHors* Til l 
actlvdf yikkil® tkm rwait i^ aea no»«€utK»tic»ial till tixut t l se* i^@ 
m^Qp port lo i i o^ the filudfi^ -^a*o°iae€^ ixi uQtol^r Sv,<a) bQi;<ie»£3 l£k*» 
act ivo due to tlie QiiUdao aeouiaulotlaii, i^yi® a I^^TOW atrip 
adounti i^ 20/JQ i n €toi>ttL t^ma^xm ^yrmtiocMil t i l l i^ ©l;anx(^ ry ivl'itii the 
prseumor j^i^lo^m 41C£<a*cintlatos« Umf0iriir» i » '&IIQ iriV'<.'3ti^ut€d 
ap«oit^ CKi ai£.«va'«tul>e ol^iiciit op. &^m to r ^ i v © ba<ik to i 'ynct iai 
i n spring aftox' w i n t ^ s^ liois b&ea reiKirteti i n j^ial|||||i^ f^ trft^ ili 
ftltripum* iiiMCaalanarfcua BfljliV f^^ lrfti ijmi irliffifH l^fl ilfliifilffitrTiill v^ 'o^ ^^ua 1 JiBi/^ >| 
atrtamp iAlXifis*! 4 j i ror t 1 ; ^ ) | lYdiYfllVtlliite laiii^Utii'bll, (caumso u 
)iaAbg)i 1979a)I ffllffiitllfflmiiPi IWifilff^illifli (c^HleG ^ ^ ^ t l 4 1:^1^ >| 
'^ itiUn aiifiriiffliifi v£^ «'<f»t iji^)$ gM^ iHiif/ifiinn v^ A^o^ dr i « ^ i i jy,yyi^  
r i o ^ l a ( i^^ia u iJiriart t;/70)} yirtifi vialf^r'a (. sou 1;^1). 
SUMMARY 
2 
Xh« inve8ti4a^i<3ll ca r r i ea out aut'iat, tiie s.>erioa oX 1^V'y-7vi, 
on the devoiOi^ciesit, etructui 'e csna pe r iod ic i ty of vaacuiar c?ai:;iJiiM,i 
in i^S^ak^ aiiite,tfilfi»^« iiaa yioidod too fuiiowiab roauiwa;-
vl) 'iiio Vcjscuijar C3*^ b^ iJEB tcJiea i t s oi ' i t in iro^ ^i*e ,>roca®tiiyj.it a 
iao»-iatoQ uevexOi^a i^ i UAC act ively dividiiit, aiv^ oiltiToiiit.. 
airiuot. apex* 
<c;> *xhQ procaialiiuia dia^-iayo a iioaot^oneaua aU^acti.^'o Q- u-uri^iwO-
jiiatic c@-i.l^  ueaBuriiii^ al>-^ut jJJ yua ^jiuai i«;f.4.ow -uio aiiOOt a. 'i^ x* 
\^j liiQ tiQ.iQtj&.iQO\xB iaasis oi ceiii i i^ii^'-ifti-iy a i i i e ru i t i a t i i i i i a i o 
lieterot.cn©>jas oascKaiiiago oi eieiaents couipi^iaiiiii oi ioiii.. aixi 
SiiWt ce^-ia iaeasuritii. ^,64yUiii aria c2,i'//u£a at :.iid jortxK^ ^ 
BiiOOt t i p , 
(4> li'ke aoao Oi u-ansii'i^ai i r o a iic^ao^eiioouii uaSii w* cti^i;> to iu.i.i^ 
a iCl 'er^i t ia teu ion^. at-., isiiort c e i l a , E^ -easiM e^a auaut /-Juyura* 
Aho iicttTOgunt^aaa oass iorsis tiie t>a3ic 3tdruct,.,rra Oi vcijc .icii-
COi.ibiU£ii« 
\,^j) lhi2 ^r^Qvm:>li£2 j.>i"auuaes iOriiaai'y vascuior i^iovjuoa. •liiutUi-'iiiotjii 
faroat ion prj:»caU©3 ..^rotoxyicsn iii wie pi-ii.i..xy Do..^ y» 
^6y 'ix*o prieiar.,.iai ^t^ali^i'ii i i i i t ioXs ox^ priiaoi'i .liai ray is i i t iai i i 
oX aecotiii ini,ors»oaG iramiuCana in to iuwixoroi i i i i t ial^i a;^ .!. ray 
ix i i t ia ia Oi. oatit»lufa rca.-tiCtiVe-ly iii utie tiiiixl h:.U.-rnOiiQ as saoii 
as tJA© i i i tcmoae cuaso 'to eioifi^cius. 
c 'J J 
V,8i Ihc vascuicii' e:i;auiusn CIQVOJUO.^ G ^iX^st i*; i^ u. sic,..j,:.i:' i<;,>a.4a cv^ a 
Xotoi' oxtc^t^a t o l i i toriaocicuxar oacs to I'ar... a Q^.y^jxcue r*^4i,-, 
ikJ; A^ iu Xoraation QX f i i ' a t acsw cairaoiox r^^ tCiiiQ.. ,.i. ce iti Uio UixP-.i 
a rus i i 'o i^ i n i t i a l • 
Vll; iiio luaiXona initiaJUj aiV^'-*' I'^^k/iiy ue.viii'i^v^j..r xti t;,.>iio'>'tic,i 
view* *iie rc^ i i i i i i i i a are ai.;»oot iso-.iia K?wri«^  ai.. s>c:c.^ " iii 
ij,rs>Ui^ ii iaruiri^ Cai-»biai raj^o o». uiVv^riie ::ia0'iic.juAO. 
vt<i/ ihe fuaii'ora'2 i i i i t i a i i i are aiiiiiuciGate. 
(1i> iho i.cAi;'tti o* i!u.ji^or2:i i i i iu ia ia i a i^ju.ias:^iCoa i>y ai...e >iti poa i -
tian« i t incs'eaaea \fit» t^io iiiCi-oaaiot, :H^ :.e iCii'c,:i;u*arancey Oi 
tii;.- trvinli ijut later ' ^iitor roauiiiic. •^ i'-; a:iKi-:.a.^  i - -.jc-'oaaau 
ali^^itxy as"*'..' iiien tofkia tvj roaaJ^'i .^luru or* icao ac z.*e ^a^Jc 
T-^ ioG i*- tiic aidci ' ti/eaa* 
1^^ 4) Aiio ioj:>t,ta aver:.^e oi i<^iiariL i i« i t ia ia ^.JCJ i^ u'i, .i.ijw c^ V ^ct 
i i a t ^ m iii raifi^iOii •u.o aci<y;^i i._vu-ia« -i-.^ - iiii.*^*, ,i-. rucoru a 
ra^^ia iii&i'oaae i:^ iijti,.,t« aVer..j<.,o *^ oi' a o,;orc. .,i.>'t,,..;ttfe uaae-
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\^t>) Xhe t«i4,eaviaX wi-t-, QI I^-^auoxTj In lLia ia ruc^-ua i.*.-. a t oil 
IroKj 1-ij cij'Kl 1*10ki Cel ls s-iU wl.^l^i V:jr._ i^ ^-.r-um 1-1^ ..u*..; 1-1., 
i;,'<Xi ii iutfv^rai. Ci^ -ti. cat. aiX u.c .^iie OL' i^ y^ ui:. u 'aiijvo-je 
V . i lea wit;, u'le .^.ra-wJu'ii.:, L-i-ft^ * oii^ ihjXijit ^cvol a* ^i^- urs^ir,.. 
(1i> ueiativQ proi-^cwaioi* o. i^si^oi-ra cui-- ray ijii^^ioia v u^ieu wiw^ 
dooa not -iiiOw miy caaaJu^eraijXe caaii^e iJi aii^crv^aiw .^.^ i>''^ »i;.< 
iZkj liiioeia iitjroii are iiDriiox'ci typo, moot oi UUKS uikiOT;.^  uipoj._x 
iianas JUi'i.ei*rai.>t©si uy r ays . 
a 40W whicij ore iiotoroj^eiaacays, 
porMernu 
QVarac^o aij^3 iaci'oaaoi: j:^ rau-^ ;..i«ty ua^'-^warus *.»^4?^ -. Uio tup ait-i 
rccCfics a aaxiusua at aijaut 1/2 iitji^,.i-l Oi s*.c -rc'c* 
oi treo 'U'!.inii« 
2^i}>i iiic tarojisoctiuaai area oi ...isvo-tuuo DcMcra, v . i ' ica - roc I I . J l 
yoiiiii^ ^er to older ';.rv..nH. AIIO jievo-t...be area iiicrc-awd .^r.i^ oiAX-Lj' 
wlVi tiic aecroasiuii UQi4,iiiit ia¥c* t a reac^^ a ii;ii«.i^ &ii^  -it vw o^ut 
l/i- ikri^ii'^ *^ * t rue aa i Jla^ -Oi* t e a s uO aec^ JKiic cuJisc.oJiw -^ /w j ui; 
base alitor ®s4|K}rie«cin£ @ s i i i / i t otucline. i t vM'ies krcia 
i2^) liio piiloea i'ilure l©ri4,tii increases t>r.idi.uiiJ.y witii tiie iiici'tj^^aiiiL 
iovel £fQ^ top yasew-iJT'cis il76B-^ii?1 /m) ami iVam poi'-ii>iiery 
i;»,uf>-7,t^3 t iaea Imii^er Uiaii meix SK>tli0r iiii.i.iuJL3 a t dixi'oTtsit 
QAlaX i^iT'ti. aai nt»i4;jnt ioveis reapisCtivei^. 
widtii £r»Ci 1«11 aiKl 1*10 ceiica ai. diiiCri^nt a>tiai. 4„.iJ^ *ti. a»'K-
l*t;ifc,iii i.,.vc'i rusr'eci.ivaiy» 
i^l) ilie »^ya ia a-, diffuae poraus t-y.^ ii* witii Vcrs.sel iJ^res iiolitrjry 
or iri r a a i a i Ciuitiplos. VesiieXa posaoas cnnircrowaed aiteriiati©-
iy ai»i''4ii»(b0u cirouitir uorder&a p i t s mx iawerai wa-iis. 
ro\ija of i*ii*<ii.e layer aitcariiatiag wiUi tii© 1-2 loy j^Ti:, ai i i a r e 
v3-5i i.ood ray&s ore iiOi2^ >4,emiOus co;..t^a€d o* ..a i^y praeuusi/eat cuxis 
a-<;oeiit a iew miicii ore iiatijrc^csiooyo. 
oX t ree ta\uik t . i l i Uiay a t t a i n tlK?ir oiaxiimiffla vwiiai tiUHi iaeccKses 
3tatjxe« wiiii cortaiB v ic ias i tu i iea , ttui ium^uj aver^Lw '->i vesaai 
ae ipents decreases witfi t.© jUicreaaiai. ...iy,taiicj i r a a ©aiaeiuia !*u-
a I a l l 
iuiQ aecreasinti, itsiioiit l eve l foiiowed fey/at aOout l/,£ ai Uw 
t r e e nei i j i t SI^ A a coJistancy to^iaTiis tti© £>ase o*. .^ ic t r e e . 
Oi?> *i^ io^tc.tii ave^'ago o^ vesse l set^ioitis saeastii'ea m^or-tef oi^ aii 
the ius i iona Ini t- iala a t a l l i^e:iiili^ l eve l s aiiu circuaiermice 
01 tkie tr&e t runk. 
iiicroaae Iriia top bas^jwaraa ox* inm g^iUi outwartia. ^ut tiie 
wldtii variatiGii a i ia^ aii e.-riy AJierease Xallawea ay ooiiat-a-Ov 
a l t e r reaciilni, c@rta,lii iSfjxlraym Xrom /aimt,©r to oi.ior a x i s . 
( i7 i Ititi vca^ei nualser por uijit ©re - oi.' woai, tra>.Uial-ty aed'eaaos 
-i.ro.a yousicer t>^  older axla or xroa to,s.) I^aso^ar.^n i,i a tr©e o:' 
Xrooj ^4yi out^yrxis a t a glvoa pos i t ion <m ^Uh^: tr^iajs, 
\fc3Bi Ah© t ransoc t iona i .::JC*sa ol v-.aaela lii tnki ian i^i? alaa uacr..j,:i:5oa 
frtJfa tap basafferards or piti i out^fiTOs. in ti^'* ^ii.Cerent t^e 
t^^oup tr®©3» Uio vesaei area aiicma a i,,rouJvji ii¥ire;-:3@ i.allowed 
oy a uQCTeaae wlsui tii© iiicreaalj-iii: sv^m cU^o.^^armicB* 
O i ) -ooa raya undsi*. Q Droaaoaiag aS Uie triiajii ^.r^'m ox..ov a:^ u wiaar, 
Xiie iKil^M o£ WQQKI rays ra>%ea tnm 1*<>6 a;*. 1»1.>j cu;.ia aik. 
wi4.tii £ ra s 1-«1Q aiid 1-ii? Ou:lis a t a l i i e r e r i t r-ixlai ftiJ^^ti vi*** 
loc':jti<»i^ acr03^> 'tiie Xi'av rea^^ctive-iy. 
i^O) flic ieiifctb avcrago ^^ i' wood libra© increases e '^ad.,«JiJ.y .^-wiu 
l eve l Irom top L>a3©wal*u3 i'^'Jtf^*»^t/ ^Am) aii^ i'ruwi ^iiw* autwtiTviS 
i10C^-«:121 yuej;« iiicy leoer'^o in t rus ive i^rowUi i«uj->#3J tl^t^a 
aiv.. i .Qf-u,a7 t i aea over fcieir ao^ier i a i t i ,u l3 a t aiXicrwit 
ax ia l uli^tii afsd a e l t ^ t iavel® ros,>ectively» 
21., 
i;iiuniaa<S!aoii occu:. s JUi l a s t OJ. April whioti LB f:oXlCM^.i by Uu:^  
onaet o* ixiriciitiai. aiviaiysia* i'ii-.' caiaji>is,i z<x\e at..aiiis a 
QCixiimiQi wiUth In «>ul/« 
v4<::) iiio C'ji3i>iiiB3 i)@cosaeB Uormant In ^^avuiuuor* I iu.^  ct-ibiu.;. r i ^c ln^ 
ac t ive -Oi" a iout s ix mmiUi3m 
\kj)t ihe jQ'ieia 3iu iiiiioeiii uiixQi'*©ritiat.tCiei ^tarti.; hi »*ay arid «al^iiiuus 
.Uki iMiiao^ ;< ;)iv«-iucti.;xi ^.ar Uie pei'iod oI ^w-Uy cc«aes aouut jfj^j 
/ua ^ u itifO^O/ua re3.i->ectiveiy« 
^44) Xi-io precoraoi' p-^ioea loitiiuticri t Jco^ pXac© ii't rtgiaruary a£*i ciea-
ouresauuut 70 Am ir» deptJi. i t r<jsiain,,i acti-vc i-wr auoat i'uur 
v46^ A iili;^ t€tfaper:itar© ai'Jti iow iioiuiuivy uuu-iait, *»aji a: .JO-A" LO I c i i l -
ta^e tii© reactiv^j^tiCii Oi a.i,:itiiuta. Cai^ijial tVowUi mui.uG&s^ oiiaer 
i47) i*ie eaci'iioucc' oX i*0v/ loaves Xwixowea. oy tjr.o ojitjct. a_ c^oiiiJiai. 
a c t i v i t y u*atauiii.u-jea Uie ciose ruiaixi^i.'iiiip Ui-two^ i^ mHiMiniiAi 
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T-^ tJijpii^  aQ!::EaM*y4,^ *fP|uf« /^ ^^  J* l^t* 3^i 11u»-1^1. 
of t€6 &(aai£erau@ sxKSCiod, .:\a, a, iiot« JUi 33i->;i3« 
uros3t - • '^ 'J>4£i» .itt'uoUiT'a ^ lilKr Ai/icai a ^ i a t o u JAI v^ svoiAP'-'QEiv 
2i>i a x i - ^ l , 
Uiistoisg *:.'«w, 1iC»i» i..iO vaaoiLkit* oaii^ itaja aft.;. J ^ l s i im«'a*ai*aQSii hi 
«* t i j -44y , 
i-'art 2 , ur^ jicsGui, i^ il^ /ord /intoJLdf iJ0rw^ <3D» 
liadswoiXt ...'•«.. u i'onSri^i^t -•*•'• 1-^4j, Uiot i;i r^ac-tio.* w^u.iv -u;;-*,. 
rt»*, 13i 22-33* 
at 03-yo. 
i^ )nfOf •^«^» u ..taat i«.«.>» 1J01# .^oaacauu m^i-oor l^^^iav^ti^i** Jui i'a;,>i« 
^ 
2^-ii 
of toon i^QC^ay^ iJPandia L**.- • i ."^ m* X>ot« ^^i 42>«427* 
..4i^ o» *•-'• tii .•iaOi i.# >• 1;4J2b» -^oasaiul a c t i v i t y c»£ Vii:i€^aio '^ t;a.yy-.i-^ 
.\ctQ ^.^t, ^^ iftaa. ..-oi, ^oMB* 2Qi 7:^7J* 
fefip^^^. .-.n, J* iiat* ^3t G1&* 
BQG-amlcj:'-/ -tMXoQm hi .a^.ailij^ JiSaSlJkalite* •^ *^''* •'^ ^^ '=^ * •^ *'-^ * "^ l"*'* 
aoi"it l a ^io^ v i t ioa, ^ - t . ^aa. l i l i 1«Si-1Jci» 
147«1i^j. 
ijriifiary vaaouiai" ayotoi^ 11,1 aw»taa apocioo -oi -^oaaccn.^ * t«*j 
;j« &e<»af, C« tJG'J* Variability iii *i«xU iti •«*..'v. M t^e vO'.**^  
•irewr'U^ © v*«»'i'»>i ...•yi'oi«u3<j ^.nlvisraity »-r<^s« 
oOftc^ iS lKtf*aoiie Xovcl^ s ii^ tiia piknit attMi isoea<mal^(^..>o6ta 
01 ea^r^iai activity* ^^^* -^t# ui»=-«»i l^ >i 607-4^t2« 
review of UtoraUAre. i^^oroaur 3^t 12i/^1^j. 
forest apocies !*# -j-ecifiO is'iCi'e&ieiits cjirKi tiKJii* reiauiasi fc© 
tho quaatlty mid ^cUvitg? al t^ rgismj iii &,isBi& g 'eai i^^ r l t . 
wcgi« J . Bat . 33t l^i*^^» 
i iC.i,<^ anioia9 j^ * i^* li^ c^ i)* i^i iatroduot^on to .^  iaiit 
/aiQtos^. i s t ^l» :^^ ci<ra*f-siiii» Ueti Yorit, 
pine* *ra|i« ^CKKIS 1**^ J 11-«6i«i« 
.MmlB, -••..-• 1 i ^« Variati-Cii iri traclieiil l&M^Vi a^ iu mx>^ .. :^jX4iji^ 
in t>o«>t^ rai*iic rojauo o.i' ocot€l,i piao. l a le vrtiv. -^h. i.v)r# 
9 -v i 
. - l l iottj i J.H» 1J3>» -'Oasaiiai Ci-i.jaii©s i a 'Urn derroi.iii,«aKmi of tiie 
. l d l» iJLt» ..oc» j c i« 3i > i^*i>7» 
ullBQi^'diat 111 5^3. 
-^eUf iU 1i4ib» ' ^ i e t o eiiii aoveioi>£k:fit ai' i^ r-i^ ^^ j^-y V£u»;;iMU" t i aau t^ 
4ai*t. -.tOV. I 6 I 67-114» 
1^^ 
oaoloiic-to liy tiie ear. r^ u^st* J , .^^ .wi, ..c^ i* ^it 7'*i-y>i» 
soaocKiaL Gli£a\^ o.3» w'.iiir» Ciulf* TuEJT ^ot* 3<^ i 1-27-1 jt^ 
r«?#)^? 
ii% troos mid QitTMim of x^io osuox*^ ^J.*« 
la raoi 7^t t22-ia9« 
dcvelopGjsjrit in ti*oa^ arid oijnU;;® oX Uie <ieo®rt» iV* .-ijiXiJjti 
Jull» uea» couii©. ioTQcl l i t 1;B-£0j. 
i'-olaif (Wg <L.»i«i«*.-.aS8<nf *i» u aooiiSf »• 1^ J72» iiMj r^jlirtloEi lieUfoua 
-.©od, ..»©i« ului 4a>47i>« —s-««««» 
t'egol^ .'Uv» 1J41, Coi3|JKarative a i^atgisi^  ati... Vat'^iiiii ia«yo*tJiy. i/ro^^ji--
fitG-ialrns ce l l wallis of rxariat^aatic tii>vsu<»3# .^l^ln *oCii'iv>i.« 
9l 91-^^2. 
2^-1 
aiub 1031 252*fi*>4. 
yhouaof A»£i»a, is iiQ0kml$ - • tj77eu A c«j£i>as\itive daaiy oti toe-
aoriiiolaiai^, 27t 3>*^ "^ » 
i^ilo^m ^IM^es ^tl'iiii Uia Imxii &£ siiaa overt^oai otu. deeitkioiJia 
' bOlJja i*©nth arid *kKsi», iiulX* Aarre '^# *ii^« 
i l l " ' 
u7-
17>-179» 
roiat-osa to tiio uirt.^ or tii^. troo» t 'lara 1/Jt 13^-143« 
O • 1 • 
vaaculor &:3is^ iu.a Sii: J^Q1<SJ,±& rfiL<dLa« ..ri^c* iX)...i£m <'£..;;;;• .oi* 
-•rcic* ia4iXcfi-^ \Ccsd# -c i * ^.''laiat .>oi«it ^ 1 i i / i ^JiUl-SO^. 
AOnaaiic»i oi" *5/ioi'a arid |j^iiooa i r i ),jiiaiaoaa ^if i |y. i , i ^ rsi evos:'-
. .o t , u&tLo&r 1201 5a?-331» 
ok tiio U-oe axia* liiii.* 'iorro^ ix?t# Ciuli 1vi4t 1i?-<i.4« 
*ibroo afikU Qi0»e*»tubo coi ls 'jlUiki tiio kuii ox JUJO i.^ *liX^  
miclcar nuisb&r ..-f fuisi^ ^ori:! cap|}ial Mi' t lui^ Ui ,^a^ JLdJLufa 
9 4 ••/ 
(^ a i-j 
phloea £il3rde within t ^ l»ar& of soots tropXool iliruit tr&oe* 
iJlaiooEj £iXstm witiite tl:ie 'oark oiT i"<3ur traplccO. i 'ruit treos 
UiOUaO; 
^iCH^^I .i»i>».Hi ik ItunuSf >.^i* l;j>74l)* ^he r a t i o of i^ q^y a w XiAiil^ ''v>ri.> 
i iu l l XoiTt^ iJot» ulyl& 101i iy>»>i>6# 
3a . 
^* -^j«all)os.-'/r.^ « *,iui.i. wcMTT©^  ;..at. Club 102^1 ; t 14-17. 
i^i£m&^ uo^eylar' el&m&xti} ki ih£i micnUa i.C'av@n aX >.iayya 
ai«mse» a«u.*i#» :iuQaS| *.• ^^  itilmi» *^» l/ZXi* ^vatia o« i^ s^ tsi.^  
fyallora i a i t i d a in tikj voaeuiar oa^ibiuia o^  j^ arxs ai'iu ^^ic 
oiioiioei ..•^^•i*»t iimuSf .:.• ^ liipoX^ »•-• 1-?7i>£>« '>a;r attii luaiiW^u 
uhouao* ,A«i-#.,.t fymjOf .*» vk ikiUaif .^» 1^7^* i^ coivui-ativc svuU^ 
oil -yio eoi::^lai oti-iiOtuiT'© of GOia© .HiarftllJii^  Gi>Q«ieij# ---at* 
oifiiaiaita i;i tiki socond^.^/ ^Miloeo uc ^ODU .^Ttcjcoao. -- i^'u, 
l ive 3tu4y on the ijtrycturo of vascular ca«iiijiai^  isi SUJCJ 
to 6i**tii iiaaroaodtt «l» ''^TQO -.^ci, 1 t1 ^^  2^» UB- ia j . 
*r0ndi of oei l lon^tli voi'lutioii a£ pliiaeiti ..Ibroo wit;^i^ .^ aa 
O -3 / 
uiKHM30t .v#^ »»i*». iimust !*•» raTiA^qwlt '^» v. -^ai^ir, -,•• Ij'i^^ •.^<iC:j£%*mi<x: 
ijlicR^ct /:,•*.«;•,•» Uiitjust i-s«t i-'aro©s3^, F» sk .»»abir, ..*• 1V7^H -^  ^i^spie 
maceration tc^:mt|ti$ Xor ~'«lbo separation o^ aJUsvo cwouat^ its^  
ueltoldsaa teroinoJ. buds i^ nd iii tiK:- vascuXar r^isffioA'Uiai'i S^CA^O 
utregory, U»A« 1J77. Caijabiai act ivi ty ai'iu rssy c e i l fiucffidiaiico 1. 
f i r . i w . .>ci, 5i i???»3aj. 
rd. 
oes Jteotaa^ :^  dor eiaheiniooluin V;^ iiiaixsiucMi« Jofarti* i orsir* 
Foratvlas* ^roetl* Uaturhandls It 12^«168« 
Hashi!2i» »^ ly77« t^udJUxi ori trio ^^odimtlmi cu soc^ oiidoar'y liUooo M 
8000 tropJLoai trc»c^ « &U*.<* 'Hioalat /'dJ^ t^^ r^ti .]u0iJL:. ..iiivorui^t 
tactc^ ors oQ^ fiitMriae In tbo trunk oi: *QixLkiQ trmniifi <^  -^^ ta 
conifer ca2al>jUua» mQtm J* J«X« .«a« a^i i^>^Oy* 
jQ^oasoitXichsu Veroailf^ -^njnasis* Jolirb* uion* .^t* Oil 1/G* 
2qbal« .4 1:)7;;7« otydioi) or^  the structure md aetlvit^ o^ ' Vv'its&ular 
caelum iii ifufiflffiJin £^^«tifi& var* I'liUa md ^yoBoai^ ft^igl^--^^. 
lqbal» lU ik Oiouoe^ z^ .^ U^ *^ iJTTatm cntog^oBotlo also variatiori JLr^  
iqbolf .^ vi yhoosoi /••***«<.• 1'i7'/b» •JBtot,<3»etii: jjAao voi^iaiioa oi 
tifl-yi grcwi«6 £»iJ*tJi Q£ 3t©o« ajytoocirpi-iOio^ ^ji 
) y 
«i£ppc«rooont of Format iliocjaas*', 3S?-»3^3# *-i*-*t -^oiai^. 
variation ia mme ar id SISIIUQ trocMS <]€ ^uodicu ,, ..tiofiJLa 
i-^apiarii ..i.-.. 1/70. .^ eed aavolopaont la tJottilatilQ* i^ »ytoaoPii»iOjU»fc^  
i^ liaii* .-•i»U» IJ'V"?* -^io iSMitoisiCQi atudiy o£ 'iiie /x^'^^i activetloo 
oi (^isva* *-tii# .^ 'ilieslfit a.ili»QS"ii t-.ijyaiiiB 4jBiv©£*aitaf» -.iloarii. 
oloQOKite In tho wood of ^a^dluga f^ jif^ f^aya i^ a t dlffonsiit ^aoi^ i^t 
lovola o£ Uio aicls* -^ yot '^ oc* '»oa» ix« .KJ1« 23. 
iJion^ M,i«ii«, Kborif a*. iyiia£*t ''•^^* ^ i^i^^t ^* 1:i7^« <^  ocMai>arc;tlvo 
atuOy Oil tlio vni^latloii la c e l l ai^e oi^  wood ^'Ibrnis ctia 't^ iolx^  
iTutsi^ons lo l t l a lo Ir^  th.- veooulal* ec^ l>>^ yo o<. ;.>urje tfafliltoKMi 
a|K>cics, IiiOlda J* J<»». ^i iJ17-:>ia« 
Klia»» 3* t:^0» StudJLes on ttae Bwmca&X act ivi ty Q£ vascular 
3%dsis* Aligarh Ittsiira l^nivarsityt Alilsarli* 
iUinlctfit J* 1914, Uober dea gleitoKidtt Vsri^hatus der InitiaXaa 
iffl jteas^ii^ 4er konlf eren isid dor HarlistrahlomrGrlaui' 
in ibrer s«ki»4ar« Hinde. Bit>X« Bot. 19t 1-37* 
KosXowaklt X*i* 1971* tiroirth and d@r3iopia@nt of trues* Vol* II« 
Mad^tio l^resst Umt York ai ijondon* 
ilu4ala« V« 1946* iic^ oe reo@nt roaearoh data on birciies* Qamicm* 
last* For. F«m. 34(1 >t 1*34. 
iiimdUf B.C, 1942* I'he anaton^ of the two ixidXm f ibre piantja* 
Cftmabi^ end Ccyftyyufl witli ^poeial refercnoo to the dlstri«* 
bution end devsiopiaont* Indim J* Bot* ^oc« 211 9^*128* 
iiunduy B*c:» dt 3^i» i^ * 1961* criisln and d^veXopaent oi lil^res ai' 
ramie (^^^rofliO MS&& ^aud«) l^ snse* Inilic:n natl* Inat* .>ci« 
Ladefogodf il« 19t$)2« ^ l^e pexUodicity ox wood foruaticci* is^» 
D&aakQ Vid«i8lcab« ^eXskab Biol* Skri t tor 7t 1«»93. 
L€irdon« ^sii* 1976, i;^oca^iiim va» ca^ i im and protax;^!^} vs« 
laetoJ^X^a in losmJUaa dcXtoidea seedlings* Aiii* «l« ijot* 63t 
1532-1jl4a. 
iarsoQi i''*ri* 1979* i^tabiisliai^mt of th^ vaacuXar si'stem in seed-
lingB Q£ Fopultai liaXtoidos Bartr* Am» J* Bot« 66t 4^ 2«4C»2« 
l«araQn| P*H. 1930a* Ciantrol of vafl«miarization by d0yoiopinis 
leavo5« mt C«li«A« L i t t l e (od*). Ccantrol oi .>boot Growth in 
^Troesi 157-172* Broc* iUi?>ia ivorksiiap, Fradsricton* i^.ii,, 
Cdoada* 
Larson« i .^ii* I^ BOb* xnt@rr@lati.ona botwoaa pliyUotaxia* ioaf 
dc^eloj^aont mul j^iaiary<«eoo<andary vasouiar taraaDition in 
Populus doXtoidea* i^nt^ « Bot« 46i 7^7«769* 
n 
SMicoeidary va0mLia£'' t roasi t ion scino (luring; ^jQsrnmxG^ k^jXxmtlon 
p^oosi* r*cw a ^ t o l * 711 33>»3^. 
Qlo£';i(^ta in tha |)bloei:i oZ :iQm t ropical trec^* l^aj^ t^a j^t 
uaftoftt J».i« «i i^ QNtcat J,.^.J. lJ7t» ^oaaaial v^iriiitlooa to -Uio 
*i*srtoX« TOt 137-1:^, 
r^feratieo to Icn^tlu *ar# uuarU l4t 671«09&» 
witiiixi tho ba£% of ao^JiQ tro^.^iOiil 443r«di^ {KKi apoci^^a* int 
i\natoqy»« fata ».«v»ri!ir . i l i l t '^•e*^  -.^ eAhi, 
20t 3*-*-^ 7» 
i» uri^anlsation <ja" iji'iiam'v .'»»ristoaatic tiaauoa. iii/toagr-
pholOi^t IQt 1 la-1;1 . 
oi act ivi ty io tl'ie ^©ai.'iy caobial fi3fowt^ i patterri iii &Ji^ |ft* 
i^ aii* a, i o r . 211 2? -^» 
riarciariaf ^ t^^ * 4i ^lapadogiortsiii i'* 1^ 177* X2i& r a t i o oi ray mid 4,iml» 
i'^m i n i t i a l s in &ismi islesii^ dcoinatit^ m@dit<»rra%oan i'orf!)a» 
iiilidTf U*/i» a. fy&%sjm^f .v»«.«» 1:;^ a^* .w>tuai&;^  Ui U o^ davoldj,'«ueiiu.u 
*>ot. ;>2J :*iXii*i , 
^'iiXicT, Ii*A« ;k •»'iiat.^ K3g^ «j| ii»ii< 1-)45l»» ...'tudi£>s iti villa c^nrelapQcsiiai 
riill©r» 0#A# «i ;^ Qti3ar% .^ nji. 1.>^# .../k.iuiGs ki Urn vkflfoiopu^ii-ol 
^iilliZlj^tOKIf ijvmtkmlt il#.^ 1J5>0« ^tructm'e a*u davei^ >p.Jea'it 
J , i-\>t, 57i 3a6-33t'« 
i-^gonsoft, ii,i,« 1J>G6» -4 caii-uril^aticsi to tha cmsXou$^:il ik^^dj^gi^Mt 
2i:) 
l-'luraoniat i- 1971* atuniotiiiX'aX otumcQii in tbo vaocuior Ga^ 'i^ iutii &i 
133^41; 
p^syXXotiixlii* 1^* J* Bat» ^St 447«4^7« 
Haatf w«u» 1941* thQ ^^atyoom^ and aoocUins i^or^iolaijr &£ -nyiiAflinifl 
ucXi. par t i t ion ii'^  livisig e J^icos^  m^a ki ^m GpjibSkoX s&oeie 
in relatiOR to tiiQ caiooiitji oi iai'Llal G iJLo asv. o^-ic.d ccaijj, 
%he t€K:iiii<m «fOod ki bircli* Aet^ For* F@nii» 64(3 >t t«263« 
Lot* iuaat 12Jt 1«*3« 
•.>utor> --•••W. oaa 1^7» l-iiatoio^icai Iiweati4.aw4«iia &i tiic iHKse«kiv.j:^  
o a ^ i u o 1.1 30iii@ tro^ioai '« '^oo3« i« n^^ifPlAi J lS3^« 
aiytos3s:^rijoiO£ry aOl SiS-^^";?. 
24 
•ifhtTmlam JfiiaUfiGl W ^wta ..c»@. iiot, rotlon. ^ t 30^^^^. 
shoot ox' f^ l^ftff oooflQlor* >a^  J , Hot* $0% 4i6M6^« 
homooa^ indim For, ^ t 24l«^43* 
aioot^Xodens* Bat* i^«v* 2'M 3oa«4o4* 
i-njll^oG^, w,a,, uardf ^^ .i.-* i^  .uatterfieidt ^*u» 1^71* ^iu 
liolXy London* 
tlaiJLU.p0t X»J*«l* 1976* 'Xli& Ca£2i>iu{2« Int t'^ a* 'iei^m i&<imJ v^ oXl 
aiviaien la lUd^&t i-'loiitai 54?-3-^« ivocsd* *«•«»©# i*m i-^ rii* 
i^UUait .f «UULaii ^.i^. w Jnoo^, «^ 1i/i»* ^.iJarpeoiijrt iiiatogaio-
Xadica 5i ^ * B * 
tlfiQtion «i^  the waiJla of caaJU o^r c« i^>xua* X* .Jv^U ^^ -"^  
2i4 
iiioi.jiil'a* Acta 3i 5*-*i« 
liflliflntiraift qt^Ufff i^ 4^  TOO* 02^48 r'hil* ^Oe«p:1t^ ;;>-1iri« 
of atuOyiag c a ^ l a l afsm^l^^ ^QQ^ i.e«»M I^dUU ULt* .>oc« 
and leaf tr&oos In tl^i ol^ot oi: f)|g'fiila4 t^o ^^^aitfa 4 ia^c^i* 
/sC a^ ;JUO« *iQt# it>iau 34i 6^?-»712* 
imJ&d ua4 die l»ltial<»itiKKsrl@» JaUrb* dlisa* ^iot. ^ i i 
567-636. 
i-iao^lg -.»•¥• 1/7% lyLstQlotQf' of (^"^jrtii laiUi ro^ord t» o;::iir/od c«ia 
'iaOf .•»•*«• tj72» i'@rl«Kllo Ciiiing'--^  1^ * tiic oojsblai activa's/ ai 
iiurt^iant o^siitdal oel is ia took CigSlaaa i£fli^4ii'^* ^*e^  
f1 - • i 
^ 4 J 
(ea«> A.acyolaf&edia o^ pleat ptiysialai^ .'^ Vil^ f tu7?*1iut»« 
Mprijo^^t Berlin* 
liobeinlaf /^.^j* u t^dom^p i'» 1^ &^ « ^^  oo^aratiVw &£ t£»o u l t ra* 
aoi20d» J»w, 1.^ '?a» wikTiy al*XQPiEic«3 fe«twc€Bi rad ia l wa*lu uiiiti 
•tariOfl«"i*iQuL W!ul@ o>C aotivoly jr^wlag cac^ial 2suoc» */v.,;\ 
uuU, 1//D/I1 7»ia, 
^a^fttenm V*.^  IA ial i»ai» u* .• 1;)/6« ui t^* oocurrancj o£ s t r a t i * 
26?-€CJO* 
vijyaioi* 1^ ia3-«aa4. 
• "^  
* 
r;iQi,'cir it'^ Laufl gdJLyeis-dPJf^ i. J s ^ b * ..ioa* JQt^ St «W1«<42'J« 
2i:t 
tsQObani&Gii&a ijlgmweiioXtcKU J l« ^oi* ^ e ' l .^^ ^^ ^^  ACKI^C? 21S 
alia ti i© 3aa*oiiai. i^x-oaisot-f-uti Oi as^ '^ioa r^ rivl ;jkii»50i:j, .•.JU^aTv.iia 
ai l 35i*33a» 
;^ »M»p • S - - V Wmm^tirm •» •••'fc«»W» 
'AllC.'^iii§ ifc!Ll^;5Fii v'itiiJ-i.lili 
..oli« W«¥« 1^72* iJiiri^ O'AtOi^ ^^ 04" va0Oalar ca£:)i»iup A* ^V^ '^-^ >,> 
bp^ttba* iiOt, Tin^ 'i'Ot^ o 6^1 111*124« 
17-32. 
to iKtaltlan in tree ^ a ^ t ^ ^ i , mt, :4ov» 2Ui ^1-i^7>» 
i ^ J . Ce i i i i ioX. 311 /^>*J3. 
caemuQ d»d i t s voieciular 4«ri.vciti.v&s i * ^isbi^jsi oi iJ jgyt 
• » 
Giical atru&ture of ti ireii i i^^ini* i"<M;*iit3navurw* i t 14^16J>, 
iUiLil»«; < j r i t t« IX* '/asscuuLarXaa^ia^* .n* #• ..H^U 
v>torlia^» C» VJ^9t Tii& ^ )ri&cay lately oi tii© mioo^ a '^ ^Aaeit^tiara 
isgaEteoa, ^m. J . Bot. 361 ia4-i93» 
•?traat>ur4,es"f .,-# Kl'j^l* Uljar t^ scm Aiau di,© voa- '^-rioljtiJEjgen vkjr 
i*tudlaaltor, ;i»,;u» Gio^p t/,,^, ui / ;^ertar , < .^ti# ^•J^^^ Are® iiaE*vAfUi. 
24=. 
wittaA one tr«^t UkML ar^ i*X3ra ^mXiisb. J* Jai>« mu ^ t 
in vessel l@ii(j,'tii lErit^ On m.i@ ^ovti i ring o«' ourtajkn ari^Grdac'^t 
dieotylodacia* J* an icsi ^ t » .^ oc« 39i t6>»170« 
olooGata la yallo^ iM^plar trooa* .^ ood* ^cl« Xociiial* 2vii* 
v.uutk /kfrlcan /^O^M ^ ^ ^ ^ y ^ | ^ f^affkiia^ /«-i.i*.-. Z?i3n 171-17U 
d€VQlo]^jiMt In taiaato, -m^ J , iJ<»t» 511 7-1i?» 
oi' lUHTiaal and aatapraaaiaiQ woooo in i'iaea abiflfl i,i<*) jias^st* 
. .-^*^- ^_^—^gggj^ ^ witrisotnjolair© af the aetlvo c;sii>4al 
Qml tr@^i la re la t ion to caobi^X aotivitir* i»t F*u* i^^ r^mani 
7*1<ii» Ial# Uaiv* >.,«ti00l For .jmriiHxi* -t-ifeileiit ^-^-i "«*• 3M*» 
fM^ J . Iho%, 55i 716. 
0o«^XKlarf £^:iito(^) i^i /^ f t r ii^a^^^jlp!* /^ e» «I» l iot* ^ s 27>%;U4, 
•oc us^ i^ loa J* i^u 5»i#t i;79*3>^U 
in .^..urdpiiisi. blassli £iMer ruota^ branoliea an^i 3tLs:i3» .-yod .>ei, 
t a a i i 105-105* 
2i6 
Um aortal* 64f 436«442« 
^als«If ¥.0 U^lia#iit8« II* atiu Faim« /u 197^« CcM-tMai. act ivi ty in 
^)iiail4aiit '^> 1i>4i !«,t>tl4iatfssia kQims^mm. amitaajiaim r^^mwatisi j ^ ^ 
tBknilJLlgtqo Oi@diaai^ y^l&0i€n }maisM@X&^%a nip-giumMidQsta 
Feim. 40(14) I 1-»^ ;l« 
siardr^f A»W# %-j^km AIIO acHejyariiaa oi: antriae© ^^u^tli imr-^i^eci in 
v^oreia^* ^-mif* 1-i51a# ^^ '^^ owtli ^^sialae l^i» tku.- wo*-?*!/ apeclifS A**. 
^^areiiiit *>^* l-^l^* csri^ wtn stuoia^ JUi W.^Q^ ai>!ioi.j*i« *v« Jiie 
laitlGtioii of e a ' ^ i a i act ivi ty ki rJUi^ ; .portMJs SiKXsios* 
v;aod* ^-oi. It 3^ *-^ 2» 
pXmiU a* mmmls vaiy@. iti»ii. ^MMm.i^$ ^Oiisajti .AisjUis 
tmmt ii«, Xq^ fclf ^^ i. ^ luBSna, .i. 19??. Oeli. laKi^ ISi ym^lixt^m M 
CcHti&XX« ^;j|pt« ^ t a * i'i^ . ^ 3 * 
«*' ...ri i.;i i iai n o t s@sJari, 
PHOTO — PLr •>««. i'*^.. 
i. - i. seatiUUii; {^^'o^i undo* oontroHe^a oon* 
ditiorus .aiiOw,ias tiie aiicot t4p siKi the 
C • A nack&l attu.lt t ree *d^i ITsahiy s«t 
PLATE I 
Staines during tkae ^itog^n^ oi ocoabivia oi 
i>2SkaS laflMHUrA^ MB ^ traosecUooai view. 
h " Up]^r pfwtion of shoot t i p showing proto« 
phlo«Q i'it') interrupted by interfaflicular 
zaskii i\iiitQ r^rraw) and prooaiBbial e^lla 
undergoing pericXinal divisiona vl>la(^ 
aii^iAfiiivat A 492). 
B • v^ioot t i p (iaiddle porticn) siiawing tha 
f i r s t protOKiyXam rors^ation (biaCK arrows) 
opposito to |)rotophio«a oXe^t^ta (at A 4^2} < 
C •> Jeecmd intomo^ic displaying oaai>Xeif: r in^ 
of primary piilo©® \ft'ir) atKl rows of prixaary 
xyiea (*'''»} ia t . 122;, 
.V • 'iliird iot€ffV}0(te siKs^ln ,^ t i e r s oX oasoial 
ooils ana differoatiat ing sacoiKlary K^Xm^ 
PLATE II 
2 -i i 
0 
ii.V. ColX, For, T©cii« i ^ I « 77« 
otilargoiaoRt a£ i»m^ial derivatives^ ia ^^^ica cq|^p(ji,^. :~i^ u« 
Dot, !>oi -s^^aa. 
in i'Orost 2:re«e» 1'>*^ AOada-ioic itrodSi Hew los'lu 
s t a s i s in tho ontogeny o£ cambiuni Qi 
X 492, 
A - A part Oi siioot aposc 3li£»s?itx|^  the lioeioge-
neous prooaaibiiil oaso oX cci ia witii t raaa-
B - a part o.f Qiioot t ip (aiddie por'i;i,oii.» s^ icw* 
Ing l€H7.g esfi^  aliort .pri>o,'i«biai ca l ls '-iltki 
tr^iSiavsrae exKl walls* 
w - i^rocambluo in tlie I ' irst intereiode a'icwiiii, 
and s u b t l y oliliqu^ iria walla* 
u » sTOQ$im^X\M in. Urn Xirst iritersiOu i^s miiMiiit, 
Xog^ md aiiort otiila* 
^ • jTT-ocaiabiiiii in the aeaacul iiitersigide siiowlnc. 
primordial ray i n i t i a l s itui) ami i^r i^^dial 
fusilOTQ ir*itlsJL3 ( . ^ i ) , 
f -» u'ewly foiHicd casbi^iH in the ti},lrd intcsniod© 
witii coKbio,! rayo (GO aatl Xy al l oris ir-iltiaiii 
exliibitlng oblique aad walls ^i^laoii arruvsi. 
PLATE 
Piwvli:. XV Hiotoaicro4^ai4i£> ahOMniJig, trofiseo;.iOiiiil arid 
tan£;antiai view o£ proccgabiim and oaQbium 
A • Xranaeotioa posain^ throu^i saoond intemoae 
showing per lc l lna l dlvlsJLans (blacii arrows) 
in the procs^biiiQ* 
B •• Xraflsectlon poBQixig t h rou^ trilrd JLritarnudc 
siiowlng fonaation oi secondaiir vesaolo i^^jm 
C • 'jiQA£iCitXul aectioci passing tiirou^* oeccsid 
intamode aiiowint^  prissarciial ray i n i t i a l s 
iiMl) ma primordial fuaifora i n i t i a l s (Prli« 
fiote the r4Miial longituainal aivi;ii<xa iblactc 
arrcmr)* 
iJ • lan^ontial eocticsi throta^^ third iiitamode 
showiog cacibial roy (ai) and fuaiiona i a i t i a l s* 
Bladic arrov iiKiicat^a th@ f<:in3atign oX now 
oaebial ray* 
PLATE IV 
FUSS Y Hitt«tT<grt>h» itr«M«otloa«l. vJLcv) mbo^Oikg 
Atoondary growth la tlw iiitomoa«s beXow tii* 
son« of •longatloa In IMWI MiAfiflEJkm *^ 
X 122. 
A • F«urtb lat«mod« aboviag tlM di<x«r<nti*tlMi 
of BeeaadMSTf tiMUMi and ralial f U M of 
ettitoial oella* 
B «» Fiftti iBt«modt showing a bit atfVtfUM stai i 
•£ n x i a i i y iroifth* 
C •» i^a^th Intomode ahowlnc m bread oaibial aono 
«Ml newly for—d Moondory phloon ibXook 
•rrov) «id xylon (SiC)» 
0 « fiigbth intomodo abowJbic dif f«r«ntiat«d 
B • Xonth Intomodo abowing a bread niahlal aane^  
dlffarantiating iaeandaiy jcylas (balaw) a«d 
^blom witu the f irst tawgantlal baod ef 
phXeaa fibraa (blaak arrow). 
PLATE V 
•taii« during tb« ontegmy of oaai»t\« of 
JMIKMiLltaiCibUI ^ tIB—til l vl«w at 
X 122, 
A « BrinibluB in tha Meond int«niod« itiiilng 
th« prJjMjniiaX initi«l«« 
•bowiiig fusifom init ia l ! «K1 printfjr 
oai^lal ray inltlaU (blaolc arrow }• 
C « Canbiui of Xmth iatamoda aliowiiig iaodia* 
aatrio ray initiaXa «Qd fosifora Initiala 
wltb wnth"^^ dd wsuLLa* 
0 • ifalX —tabliihad a—Mf of atoriad ardar 
ia a twig* Black arttw indleataa tha oaa* 
varalOB of fuaifora initial into ray ini* 
t ia l i ty tiWMnraraa ••plantation^ 
dR • ^aaondary rigra 
PLATE VI 
oiiaiigM in the atruotum oC ir«t«ia«r 
a«iriblua with tb« flrowlBf girth «C trc« 
^(""•^ ^ AnfettS flfdii&lCifaWi ^  t«iit«kti«JL 
vUw at X t22« 
A « VMoular ttaiBbXuB of 20 at oiroutttartiitial 
•xi«« iurrow JndlMitM tkM» fMniatiaa oi a 
••e«Dd«ry ray fraoi Jtusif orai i n i t i a l by 
B « Vaaeular aoablua of 35 oi oirouaf «r« i t la l 
axia* Faimatian «f aaawrtniy raf by tr«M-
varat aaipantatian (arrow)* 
C 4» VaaaulaT oaatolua of iOO ea airouaf ai*antijil 
axis. Nota tba laroaA t lar of fualfam 
in l t ia ia , 
D • Yaaaular aai^biui of 60 cm oiretaifarantial 
axia* Arrov iatUoataa ttaa aplitt ing of 
auXtiaarlata rt^ tf an latrudine fualfam 
InitifiOa* 
g • f aaoular oaabitai in 179 ea oirouBf ar«ntial 
aaia* Arrcm indicataa an algnjating riyr 
in i t i a l * 
F • Vaaoular caabUai in 300 oa oircuaf «r«Ma 
fun f i l l fftotOBicr^gr^phs •hmrlng the struetur* of 
vtMular «a«biuB (A«fi ^ B) aod vlbX^m (C) 
At dif f «r«it hmi4fxt level* along tbm tr«e 
trunk of J n t a MlilMuldUi ^ tflo^^antial 
ifimi at X 122* 
A • IfatoiiUr ««ibiun «t « Jidght or ts«jjl 
• • tor £ram base sttowiiig the lang atA 
aarraw a«ibial reya* 
B « Vaftoular eaiabiua at a liaiclkt v£ 17*11 
•atar Xrea baaa abowlBg ferowi tiara of 
fuaitera In i t ia ls* 
C « C i t i i i t l n i j j i l s f at a belitfit «C 7.64 
Mftar iroa baa* ahewlac the atarlad tm»$0>^ 
Mot af aiave^tuba aiabwa (^91) and p h l a i 
I I F * * 
D • Vascular oaabtiM at a hiigkt oi 7*6% a«t«r 
trotk baaa afeMwlna UMI alMMTt Md IwaaA aaiMal 
rajr»» 
ATTOwa la A«B 4 0 Indieate tba 
ramatlaa of aaaondary rays ^ 
lena a)MC>ad lateral ini t ia ls* 
1 
PLATE VII 
il"^ 
B ^ 
• • ' fin ' ' i j T ' " • 
h^MlA , : i ttsh; i • tin • 11^ 1 
D 
PLATE VIII 
liit«*oantr«raioa of otwbUI laitiala la tli« 
oi»bi<« of £fl|||2i& JtlilMClttil ^ tonjontUl 
A-fi • VoMuXar Ofltblui ahowlac tlM r«di«X lonsl^ 
tudlBoX aivisions in o fusifocm Initial 
(blaQk tfTOMi), 
C • Cortblia in Vam bogtmlng «r 4immmmg ttmOng 
Hw Imrtort otruflturo of rodlol wOlo ana 
tr«Bsf oraotlon of roy Initlalfl into fuslfoni 
(blaok arrow) • 
D • CambluB in 11M Wgl«lm of 4mmmv itewlic 
HM tioailut r«UaI walla ani (vHtUag of 
•Mltloorlato ruf 19 totnialtti of oinngatif 
fuaifoam initial (blaok arrow}* 
Pli^ili 
4«vttXopMnt of upwirtiry raor InitiiOa 
in tiie ttasbiui of M t e i Bilnfrnr*inii 
i& figf>tl>X rUm ftt X 492* 
•beirlBS tlM toMdtd wills of iuAlXora 
toltlalt and m ImXmtmU^ out l«ui 
B * IBtfiiMting th« s^ M M In U* but vith 
tiio o«U ataat 
Q^ » CtHbiui in tht bogtantng of 
•hwring r&f initials out off froi thm 
wA wd oido of fuoiforn initials 
(bloik flrroMs)* Itoto th9 darti atainad 
protoplaviie oontanta inoluKUng nuelaua* 

WUax XX IhrtJBlarnti'apln snowlag ttte structural 
•fc—tng patoh of ptOotoi tiiicm (f1P)» 
rays (i^) swl •itv««tu)»« nwbars la 
aiava platss (Ulaoic arr«Mi)» 
C « T^rtfisaatiaaal vi«v «r MOMdoiy phlosa 
sboirlfift 4atX«et«d roys lad crusiiad ai«r«* 
%itNM (blMAi arrow) ia tiM non*coiviugtiag 
a^^fca^"^^^s^^ ^a^^^'^'^v^p 
A 4» TTi^fHiiaticaal vJUir a£ outer teork nhoatiii 
t te group of aaUralds (sc) in too aooa of 
B m ZiBga&tl&l. view of oiava-ti^Mi aUaMitt 
ahowtng aiovo plata i ^ ) oad aiara^NH^aoa 
oa latoral vaUo (lilaok tfrov), 
F • Xraaaactiooal Yio» of aeaoadary ptolooa 
alMMiaa d i l a t a d rmi^M tOMMniA narlilMi'a 
A»C 4 i) at A 12a 
B & £ at X 492 
f at X 60 
IVF «»liOB«^^ai«tl«a«Jl p l i lo i i 
PLATE XI 
FUZS XXX RMtMiUrogriplui ilMwlag ttruoturaX 
d«taUs or wMd «t I n l W l lljyilUlGknA* 
A « tTMBttntlnnal irisw of nood ibflwlai 
iftMolporoo (V), tfOal parinciiyttd (i>)« 
^llro pfttiUM Cr) Md rays (ti)« 
1 • y i j i t t f t l iriow of wood atoovlAg v«o«iX 
MPMBte wilh cwrororoiidad aXtiniatoJjr 
tfTMCod •IrouXar bordirod pits (BP) 
mA rt^M (HR}« 
C • R«llaX Kngltirttnal vUw of wood alMif* 
lag MBitgiaiw r«ar (i«i) oompoMd of 
prommbmt oolU* Arrow iadieatod H M 
Hnnlno in tho ray ooUUi* 
0 « Rodi«l Igm^itudhuX viow of wood obow 
iat hot«rog«Ei«ouo ray (Wi) ooiyootd of 
jproouBboat and upri^it coXlo iblatk 
arrow)* 
M «t X 122 
C«0 at X 60 
PLATE XII 
iJilgt* in tli« wood of £flriM 
In traiiMoUaaaX view At i^  60* 
lag naiTov p«^« atid aistrilHitioa of 
dirrormt 
tho a^ M • • la *A*« 
C * «MA ftt o lMi#it of 18«35 aotor irca 
b«M alMwiag poro trmstmuv md dlt1rllM» 
tioa of wood 
D • veod at o litifiht of 17*11 a«t«r froa 
•htifing ttom umm MI In *C*, 
PLATE XIII 
oiianips in t2)« struotur* «f wood ««r«M 
tiM tnnk of iiiittti MlilWCiflMI ^ i^A*» 
iMitial vi«w «t X 60* 
A • iMod at a distantti oC 2 «i troi ««iA»lui 
•hinrtnj rmm of VMMI MpMMitft (IT) vitlk 
tr«MV«nMi end waU« («rrov) wd wixl* 
B « itood «t a <list«M« of 12 « ttom tumhhm 
siiowlat tiM »Btm •» in *h*m 
C * ifo<MI at a (ilatanoa o£ 24 oi irom oawbif 
•bowiac narrow raya and irmamU kaving 
iffrlttrrw and vaXla* 
B m tfood at a dlataaoa of 36 OB fraa ewblui 
aHovliig nsFTcm r^m and voaaola, 
V • VaaaaX atgpanta 
m • Wood rara 
PLATE XIV 
FUtS XV RMtOBicraisraipiM ainmttag ptriodioity of 
ortblf «t i M l i i l i l i i lClMI ^ trill* 
•MtlMUO. vi«w ftt X 4:^, 
A - li«rro.r ,<»• of <t««ilit t i i i ^ with 
tbiok vftXl* during April* Note ttie 
• w H f m «r eiwbtftl •eilA* 
» • A«Uv* oaabiuB with tbia iftil« in Juoo 
MlleetiOB ttwir,ini iMi«2y totmtA jqrlMi (NX) 
tfid i^ biOMi C»P)» 
C • A IVOMA otAbial aoM (02) in Juay OOUM* 
tiOfU 
!>«• • Jlorroir apot of ootivo oartbtiM In Miffuot (D) 
and uetobor (fi) duo to ({uiflk diffarintiatidn 
of xyXtfi Ci^) Md pblOMi* 
17 • p h U i fifeTM 
XF • xyXoB f iktHM 
r • OHNMnt liiiiiui IB Pooiiibtr ooUoetion* 
Vortiooi btro Indiooto tbe width 
of •ort>tal wmm iClh ftoXo«i ott 
tho uppar oido* aqrloo on tho 
lowtr oido of OMhiua* 
I 
PLATE XV 
f l 4 f i XVX BMtoaiBrocrapM •bowing JiyXtB wad phloi« 
• P " ^^^•'IpWII^ ^ fWlW^W^fc ^ ^ W P ^ji^^fli^^F^P ^MBrt^^B^B^W w ^Bi^^^W ^ ^IBw 
flttilft aiJMrillClttl <Surlng a grovth yoar* 
A • A Stt^pl* «f JvHM thflwlnf iwiAgr tormtA 
MJflm (MX) tfMl 9 l l lMi (NF). 
C • ctfibitMi t Qic • oia xylcB 
i * A s a ^ ^ o£ July aino^ix^ atwly XarwA 
p h l » i (HP) vith tiM sUrva-tubct in «roi9s 
b«Xow tli« pfNMMrMr phlftgw (jPP)« ArroM 
indloat* tiM pooitlon of omgmkim omUm^ 
0 
C « A iiapla o£ Deoaab«r •hawing tiM «urr«i^ 
fttt dOTMOt phlO«i (i>P)« 
C • «SllOM« iV • phi 0 1 fUNTMI 
growth 
P « A •M|>1t Of Q«o>ntir ghowing thi^aarti of 
•potroobool portnelqFBo (trrov) IntorrvptoA 
bgr wooA roTft («ft)« 
AfD «• at X 60 
• tC • at X 122 
PLATE XVI 
of Moondonr phloM (tnAMetlonal irl«ir) 
A • A m » U «r ilir«ii siioigliic MCNorunctiooal 
old pbIo«N Not* Xkm liatiation of 
WihUig of outer jphlnowj. 
C • A oo^plo of July ahovlng aovS^ r Xomod 
yhlowi (DF), yrojyraMP m i i i (FP) «MI 
Mtt-f unoUonaX old piOoMi (ui>)» Hot* 
tiM oruoiiiag of old phloi towardo outor 
0 • A umplt of rm<il!nr ohowliig total pro* 
d&totiOQ of aurrmt yoor piiiooi C^} 
(boooAoo donuot duo to tho oollooo 
•itioa)« 
PLATE XVII 
